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INTRODUCTORY. 


The  present  volume  is  the  twenty-fifth  in  the  series  of  annual  re- 
ports issued  by  the  Department  of  Geology  of  the  State  of  Indiana, 
and  the  sixth  issued  under  the  auspices  of  the  writer.  In  those  por- 
tions of  these  six  reports  written  by  the  State  Geologist  himself,  he 
has  ever  tried  to  keep  in  mind  the  interests  of  the  citizens  of  the 
State  who  pay  the  taxes  to  support  the  Department  rather  than  the 
interests  of  professional  geologists.  In  other  words,  he  has  attempted 
to  prepare  reports  which  the  common  people  can,  for  the  most  part, 
readily  understand.  Believing  that  the  advertising  of  the  natural 
resources  of  the  State  was  the  primary  object  held  in  view  by  the 
founders  of  the  Department,  he  has  made  economic  geology  the  main 
feature  of  his  work.  At  the  same  time  he  has  noted  with  pleasure 
the  growing  interest  among  teachers  and  pupils  in  the  plants  and  ani- 
mals about  them  and  has  attempted  to  add  to  this  interest  by  pub- 
lishing papers  by  well-known  investigators  on  the  flora  and  fauna  of 
the  State.  With  the  exception  of  scientific  names,  w^hich  can  readily 
be  passed  over  by  all  to  whom  they  are  unintelligible,  as  little  tech- 
nical matter  as  possible  has  been  introduced  in  these  papers  bearing 
upon  economic  resources  and  natural  history.  Attempt  has  been 
made  to  verify,  whenever  it  could  be  done,  the  statejnents  given;  to 
print  the  truth  in  the  simplest  language  possible. 

The  present  report  includes  the  results  of  the  j)rincipal  iield  work 
carried  on  by  the  State  (Geologist  and  chief  assistant  in  thi*  Jiutumn 
of  1899  and  the  season  of  1900.  This  was  the  exploration  of  the  lakes 
and  marshes  of  northern  Indiana  in  search  of  deposits  of  marl  of 
suitable  size  and  purity  to  justify  the  erection  bi  factories  for  the 
manufacture  of  Portland  cement.  Under  the  present  advanced  meth- 
ods of  manufacture  of  this  valuable  commodity,  capitalists  do  not 
care  to  invest  the  large  sum  necessary  for  the  erection  of  a  modem 
factory  unless  raw  material  enough  is  at  hand  to  keep  the  factory 
running  for  30  or  more  years.  Careful  estimates  go  to  show  that 
a  factory  with  an  output  of  500  barrels  of  Portland  cement  eacli  21 
hours  will  use  in  30  years  a  body  of  marl  160  acres  in  area  and  10  feet 

(vii) 


•  •  • 


VIU  REPORT  OF  STATE  GEOLOGIST. 

thick.*  Such  a  deposit  is,  in  this  report,  termed  a  "workable  deposit." 
The  paper  entitled  "The  Lakes  of  Northern  Indiana  and  Their  Asso- 
ciated Marl  Deposits,"  gives  full  details  concerning  32  such  deposits 
of  marl,  which  were  found  in  the  three  northern  tiers  of  counties  of 
the  State.  The  location  of  these  workable  deposits  by  counties,  and 
the  pages  on  which  they  are  described  in  this  report,  are  as  follows: 

STEUBEN  COUNTY. 

PAGE 

1.  Hog  Lake 70 

2.  Lime  Lake 73 

3.  Shallow  and  Deep  lakes 75 

4.  James  Lake 77 

5.  Gage  and  Lime  lakes 8S 

G.    Silver  I^ke   04 

LAGRANGE  COUNTY. 

7.  Shipshewana  Lake   102 

8.  Cedar,  Grass  and  Libey  lakes 100 

0.    Grass  and  Fish  lakes 100 

10.  Turkey  and  Little  Turkey  lakes 1 10 

NOBLE  COUNTY. 

11.  Waldron,  Jones  and  Steinbarger  lakes 127 

12.  Eagle  Lake 131 

13.  Deer  Lake   133 

WHITLEY  iMnTNTY. 

14.  Crooked  Lake  152 

15.  liOon  Lake   154 

KLKHAKT  COUNTY. 

1(».    Simonton,  Mud  and  Cooley  lakes ir»0 

•17.    Indiana  and  Long  lakes 105 

KOS(^JUSKO  COUNTY. 

18.  Turkey  or  Wawasee  Lake 1()8 

10.  Syracuse  Lake   170 

20.  Dewart  and  Milford  lakes 182 

21.  Tippecanoe  Lake  187 

22.  Barbee  lakes 108 

23.  Little  Eagle  Lake 203 

24.  Center  and  Pike  lakes 205 

25.  Eagle  or  Winona  Lake 208 

*See  page  52  of  this  Tolame. 
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FULTON  COUNTY. 

PAGE 

20.    Manitou  Lake  219 

MARSHALL  COUNTY. 

27.  Maxinkiickee  Lake 233 

28.  Houghton  and  Moore  lakes 267 

ST.  JOSEPH  COUNTY. 

29.  Chain  and  Bass  lakes 274 

LAPORTE  COUNTY. 

30.  Hudson  or  Du  Chemin  Lako 284 

31.  Fish  Lake 290 

STARKE  COUNTY. 

32.  Marsh  Deposit  near  North  Judson 2t)5 

Besides  ihe  above  mentioned  32  deposits,  15  others  were  found, 
presumably  of  workable  size,  but  with  the  larger  portion  of  their 
area  beneath  10  feet  or  more  of  water,  and  therefore  not  available 
under  the  present  conditions  of  seruring  marl.  There  is  little  doubt 
but  that  appliances  will  soon  be  devised  for  raising  marl  from  beneath 
any  depth  of  water,  and  then  these  deposits  ran  be  classed  with  those 
already  mentioned. 

The  details  given  relative  to  the  area,  de])th,  shape  and  aquatic 
flora  and  fauna  of  many  of  the  lakes,  together  with  the  accompanying 
maps,  will  also,  it  is  thought,  be  of  interest  and  value  to  the  large 
number  of  fishermen  and  sportsmen  who  annually  visit  their  waters, 
as  well  as  to  the  many  cottagers  who  spend  the  summer  months  in 
their  vicinity. 

The  paper  on  the  "Silver  Creek  Hydraulic  Limestone,''  by  Mr. 
C.  E.  Siebenthal,  contains  full  details  regarding  the  location  and 
stratigraphy  of  the  stone  so  largely  used  in  southern  Indiana  for  the 
manufacture  of  natural  rock  cement,  as  well  as  an  historic,  descrip- 
tive and  statistical  account  of  the  industry.  It  is  accompanied  by  a 
map  showing  the  exact  distribution  of  the  cement  rock. 

Mr.  Siebenthal  has  also  gathered  for  this  report  statistics  relative 
to  the  oolitic  stone  industry  in  Indiana  for  the  year  1900.  These  have 
been  incorporated  in  a  special  paper  which  shows  that  there  was  quar- 
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ried  during  the  year,  7,035,000  cubic  feet,  or  approximately  23,000 
car-loads  of  the  oolitic  stone,  the  value  of  which  at  the  quarries  was 
$1,699,649. 

The  annual  reports  of  the  State  Supervisor  of  Natural  Gas,  In- 
spector of  Mines,  and  Supervisor  of  Oil  Inspection  are  included  in 
the  order  mentioned.  The  report  of  the  Supervisor  of  Natural  Gas 
shows  that  the  center  of  production,  or  that  territory  not  invaded  by 
pipe  lines,  in  1898  comprised  250  square  miles  in  Grant,  Madison, 
Blackford  and  Delaware  counties.  On  the  first  day  of  January,  1901, 
it  had  been  reduced  to  less  than  50  square  miles  in  the  northwest 
corner  of  Delaware  County.  The  main  Indiana  gas  field,  which 
comprised  originally  2,850  square  miles,  is  divided  into  three  zones, 
viz.:  (1)  An  outer  zone,  varying  greatly  in  width,  which  has  been 
abandoned  by  the  pipe  lines  and  supplies  only  a  small  amount  of  gas 
for  local  domestic  use;  (2)  A  middle  zone,  comprising  at  present  prob- 
ably 900  square  miles,  which  is  the  main  territory  supplying  the  pipe 
lines  and  almost  all  of  the  factories;  (3)  The  heart  of  the  field  or 
center  of  production  above  mentioned.  In  December,  1899,  the 
average  rock  pressure  of  the  middle  and  center  zones  only  was  155 
pounds.  In  December,  1900,  the  average  in  the  same  two  zones  was 
but  115  pounds.  This  drop  of  40  pounds  is  more  than  twice  as  great 
a  decrease  as  has  occurred  in  any  other  year  since  natural  gas  was  dis- 
covered in  Indiana,  and  is  an  excellent  index  of  the  rapidity  \vith 
which  the  supply  is  being  exhausted. 

The  factories  in  ihe  gas  belt  have  many  of  ilieni  begun  the  use  of 
other  fuels  and  there  is  little  doubt  but  that  the  great  majority  of 
them  will  remain  where  they  are  now  located,  gradually  adopting  that 
form  of  fuel  best  adapted  to  the  production  of  their  respective  wares. 
To  thovse  that  wish  to  remove  to  localities  where  cheap  fuel  exists  in 
abundance,  the  coal-benring  counties  of  western  Indiana  offer,  and 
will  coniinue  i^  offer,  good  sites,  excellent  railway  facilities  and  an 
abundance  of  the  finest  grades  of  bituminous  coal. 

The  report  of  the  State  Mine  Inspector  shows  that  f), 357, 970  tons 
of  coal  were  mined  in  Indiana  in  1900.  "^rhis  was  an  increase  of  492,- 
853  tons  over  the  output  of  1899,  which  was  the  largest  in  the  history 
of  the  State.  This  increase  was  due  to  the  absence  of  the  usual 
strikes  on  the  part  of  the  miners  in  the  leading  coal  districts  in  the 
State,  and  to  a  steadily  increasing  demand  for  Indiana  coal  through- 
out the  year.  This  demand  was  largely  brought  about  by  the  gradual 
lessening  of  the  supply  of  natural  gas.  There  is  no  doubt  but  that 
the  demand  for  Indiana  coal  will  continue  to  increase  as  the  supply 
of  gas  grows  less,  and  the  output  will  doubtless  reach  10,000,000  tons 
per  annum  before  the  year  1910. 
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According  to  the  report  of  Mr.  Epperson,  the  relative  rank  of  the 
fifteen  coal  producing  counties  for  the  year  1900,  together  with  the 
output  of  each  in  tons  and  the  amount  of  wages  paid  to  miners,  was 
as  follows:* 

TONS  OF  COAL  PRODUCED   AND   WAGES   PAID   TO   MINERS   IN 

INDIANA  IN  1900,  BY  COUNTIES. 

Number  of  Tons 

Produced.  Wages  Paid. 

Clay  County 1,497,677  $1,111,832  44 

Vigo  County    809,884  723,977  37 

Vermillion  County 751,349  495,361  20 

Sullivan  County  748,678  558,620  98 

Greene  County 746,483  484,084  72 

Parke  County   679,024  611,119  45 

Daviess  County 254,030  201,482  65 

Pike  County 249,804  207,891  37 

Warrick  County  181,384  111,851  63 

Vanderburgh  County 172,562  191,293  53 

Gibson  County 59,420  43,663  50 

Knox  County 59,382  50,695  01 

Fountain  County   41,640  37,386  95 

Perry  County 23,480  11,259  05 

Martin  County    8,266  6,823  41 

Total    6,283,063  $4,843,343  26 

Total  number  of  tons  produced  in 
small  mines 74,913  39,680  92 

Grand  total  6,357,976  $4,883,024  18 

The  number  of  miners  employed  in  mines  operating  10  or  more 
men  was  8,858.  In  the  smaller  mines  about  1,000  additional  men 
were  at  work,  so  that  nearly  10,000  coal  miners  are  employed  in  the 
State. 

Of  the  coal  produced,  1,512,098  tons  were  block  coal,  and  the  re- 
mainder bituminous.  Clay  and  Parke  counties  alone  yielded  block 
coal;  Clay  County  producing  1,190,406  tons  and  Parke  County  the 
remainder,  or  321,692  tons.  The  report  of  Mr.  Epperson  is  very 
complete,  containing  several  tables  of  statistics  of  different  phases  of 
the  industry  which  have  not  been  embraced  in  former  reports  of  the 
State  Mine  Inspector. 

A  paper  entitled  "The  Petroleum  Industry  in  Indiana  in  1900" 
follows  the  report  of  the  State  Mine  Inspector.    It  gives  in  detail  the 

*The  oatpat  giv«n  if  only  from  mines  worlcing  ten  or  more  men. 
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HISTORY— USES— COMPOSITION— PROCESS  OF  MANU 
PACTURE— METHODS  OF  TESTING,  ETC. 


By  W.  S.  Blatchlky. 


A  cement  is  any  material  which  is  capable  of  solidifying  when  in 
contact  with  water,  without  change  of  volume  or  notable  evolution 
of  heat.  It  differs  from  a  lime  in  that  the  latter  expands,  crumbles 
and  gives  off  heat  when  exposed  to  water.  The  presence  of  a  clay 
more  or  less  intimately  mixed  with  a  lime  checks  or  stops  the 
crumbling  and  evolution  of  heat,  and  brings  about  that  hydraulicity, 
or  power  of  slowly  solidifying  in  water  which  characterizes  a  cement. 

Natural  Book  Cement. — If  the  lime  and  clay  are  mixed  by  na- 
ture; that  is,  if  they  occur  already  mixed  in  a  stone  which  requires 
only  quarrying,  burning  and  grinding  to  form  a  cement  ready  for 
use,  such  a  cement  is  termed  a  "Natural  Rock  Cement."  The  first 
cement  of  this  kind  made  in  the  United  States  was  in  1823  from  a 
water  lime-rock  in  Ulster  County,  New  York.  The  hydraulic  prop- 
erties of  this  rock  were  discovered  by  accident.  A  canal  was  being 
constructed,  and  it  was  noticed  that  the  lime  which  was  burned  from 
some  of  the  strata  hardened  under  water  instead  of  slaking.  Similar 
discoveries  followed  rapidly  at  other  localities,  and,  as  a  result,  the 
burning  of  natural  rock  cements  soon  became  an  industry  of  promi- 
nence. The  stone  from  which  this  cement  is  made  is  termed  water 
limestone,  or  hydraulic  limestone.  Vast  beds  of  this  stone,  excellent 
in  quality,  occur  in  Clark,  Floyd  and  other  counties  of  Indiana  bor- 
dering the  Ohio  River.  In  1899  the  total  production  of  Natural  Rock 
Cement  in  the  United  States  was  9,868,179  barrels.  Of  this  amount 
Indiana  produced  2,922,453  barrels,  valued  at  $1,022,858,  or  almost 
six  times  as  much  as  any  other  State  except  New  York,  where  the 
production  was  4,689,167  barrels.    A  full  account  of  the  growth  of 
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the  Natural  Rock  Cement  industry  in  this  State,  with  details  and 
statistics  of  manufacture,  is  given  l)y  Mr.  C.  E.  Siebenthal  in  a  sub- 
sequent paper  in  this  volume. 

Portland  Cement. — Where  the  materials  or  ingredients  (lime  and 
clay)  entering  into  the  cement  are  mixed  artificially,  then  burned 
and  ground,  the  resulting  cement  is  termed  Portland  cement.  This 
artificial  cement  was  first  made  at  Leeds,  England,  in  1824,  by  Jo- 
seph Aspdin,  a  bricklayer.  He  chose  the  name  "Portland  Cement" 
on  account  of  the  fancied  resemblance  in  color  and  texture  of  the 
cement,  when  hardened,  to  the  well-known  oolitic  building  stone  of 
Portland,  England.  Aspdin  took  out  a  patent  for  this  cement,  un- 
der date  of  October  21,  1824.  His  specification  is  for  "An  Improve- 
ment in  the  Modes  of  Producing  an  Artificial  Stone,"  and  is  de- 
scribed as  follows:  "My  method  of  making  a  cement  or  artificial 
stone  for  stuccoing  buildings,  waterworks,  cisterns  or  any  other  pur- 
pose to  which  it  may  be  applicable  (and  which  I  call  Portland  ce- 
ment) is  as  follows:  I  take  a  specific  quantity  of  limestone,  such  as 
that  generally  used  for  making  or  repairing  roads,  after  it  is  reduced 
to  a  puddle  or  powder;  but  if  I  can  not  procure  a  sufficient  quantity 
of  the  above  from  the  roads,  I  obtain  the  limestone  itself  and  I  cause 
the  puddle  or  powder,  or  the  limestone,  as  the  case  may  be,  to  be  cal- 
cined. I  then  take  a  specific  quantity  of  argillaceous  earth  or  clay, 
and  mix  them  with  water  to  a  state  approaching  impalpability,  either 
by  manual  labor  or  machinery.  After  this  proceeding  I  put  the 
above  mixture  into  a  slip  pan  for  evaporation,  either  by  the  heat  of 
the  sun  or  by  submitting  it  to  the  action  of  fire  or  steam  conveyed 
in  flues  or  pipes  under  or  near  the  pan,  until  the  water  is  entirely 
evaporated.  Then  I  break  the  said  mixture  into  suitable  hnnps,  and 
calcine  them  in  a  furnace  similar  to  a  limekiln  till  the  carbonic  acid 
is  entirely  expelled.  The  mixture  so  calcined  is  to  be  ground,  beat  or 
rolled  to  a  fine  powder,  and  is  then  in  a  fit  state  for  making  cement 
or  artificial  stone.  This  powder  is  to  be  mixed  with  a  suifieient  quan- 
tity of  water  to  bring  it  into  the  consistency  of  mortar  and  thus  ap- 
plied to  the  purposes  wanted." 

It  is  difficult  to  recognize  in  this  description  a  process  likely  to 
result  in  the  formation  of  a  cement  of  the  present  Portland  type.  It 
must  be  remembered,  however,  that  Aspdin  had  a  hard  mountain 
limestone  to  deal  with,  and  that  probably  the  most  easy  way  to  ob- 
tain this  material  in  a  state  of  fine  subdivision,  in  order  to  mix  it 
with  the  clay,  was  to  calcine  it.  It  could  then  readily  be  slaked  and 
reduced  to  powder.  The  next  step  was  to  temper  it  with  the  requi- 
site amount  of  clay,  and  finally  the  mixture  was  submitted  to  a  sec- 
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ond  process  of  calcination.  This  double-kilning  would,  where  fuel 
was  relatively  cheap,  entail  but  little  more  cost  and  perhaps  less  la- 
bor than  first  grinding  the  limestone  to  fine  powder  under  mill- 
stones and  then  mixing  it  with  the  clay,  as  is  now  done  in  the  dry 
process  of  manufacturing  Portland.  Moreover,  by  the  slaking  ac- 
tion, the  lime  is  detained  in  an  extremely  fine  state  of  subdivision, 
and  therefore  in  a  condition  peculiarly  well  adapted  for  intimate  ad- 
mixture with  the  clay. 

Aspdin  fails  to  point  out  the  exact  amount  of  clay  needed,  rather 
an  important  matter  in  a  specification,  one  would  think,  and  he  omits 
to  state  that  the  firing  must  be  carried  on  until  incipient  vitrification 
is  attained.* 

The  growth  of  the  artificial  or  Portland  cement  industry  was  for 
many  years  very  slow.  In  1848  the  son  of  the  inventor  formed  a 
company  and  began  the  manufacture  of  the  cement  at  Rotherhithe, 
near  Jjondon.  In  a  circular  issued  by  this  company  it  claims  "that 
in  consequence  of  improvements  introduced  in  the  manufacture,  it 
wUl  be  found,  for  the  following  reasons,  infinitely  superior  to  any 
cement  that  has  hitherto  been  offered  to  the  public: 

"(1)  Its  color  so  closely  resembles  that  of  the  stone  from  which 
it  derives  its  name  as  scarcely  to  be  distinguishable  from  it. 

"(2)  It  requires  neither  painting  nor  coloring,  is  not  subject  to 
atmospheric  influences,  and  will  not,  like  other  cements,  vegetate, 
oxidate,  or  turn  green,  but  will  retain  its  original  color  of  Portland 
stone  in  all  seasons  and  in  all  climates. 

"(3)  It  is  stronger  in  its  cementative  qualities,  harder,  more  dur- 
able, and  will  take  more  sand  than  any  other  cement  now  used/' 

At  the  great  exposition  at  Hyde  Park  in  1851,  Portland  cement 
was  first  brought  prominently  before  the  public,  and  tests  were  made 
showing  its  superior  tensile  strength,  a  crude  form  of  the  briquettes 
now  in  such  common  use  for  testing,  being,  for  the  first  time,  used. 
Soon  after  this  public  exhibition  of  its  qualities,  its  manufacture 
was  begun  on  the  Continent,  where  it  gradually  grew  into  enormous 
proportions,  especially  in  Germany,  that  country  for  many  years 
not  only  making  its  own  supply,  but  exporting  to  the  United  States 
nearly  two-thirds  of  the  amount  there  used.  Its  manufacture  also 
increased  greatly  in  England  where,  at  the  present,  it  is  made  chiefly 
in  the  Thames  and  Med  way  districts,  where  white  and  gray  chalk 
and  river  mud  are  used.  In  France  the  materials  employed  are 
marls,  chalks,  and  clays.  In  Germany  the  more  important  centers 
of  production  arc  in  the  northern  portion,  especially  the  regions 

*  R«dffr»T«— "Caloareoni  Cementt,"  1896,  p.  25. 
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about  Stettin  and  the  Rhine  Valley.  Here,  also,  chalks  and  nuarle 
form  the  principal  sources  of  the  lime. 

Portland  Cement  Industry  in  the  United  States. — Portland 
cement  was  first  manufactured  in  this  country  in  1872,  near  Copley, 
Lehigh  County,  Pennsylvania,  at  a  locality  in  which  natural  rock 
cement  had,  up  to  that  time,  been  made.  A  second  factory  was  soon 
after  established  at  Wampum,  Lawrence  County,  Pennsylvania, 
where  the  materials  used  were  fossil  limestone  and  clay. 

On  account  of  a  lack  of  knowledge  of  the  more  technical  processes 
of  manufacture,  as  well  as  on  account  of  the  prestige  which  the  for- 
eign-made cement  had  secured  among,  contractors  and  engineers,  the 
growth  of  the  Portland  cement  industry  in  the  United  States  was 
very  slow  up  to  1890.  In  that  year  the  total  output  of  the  eighteen 
factories  then  in  operation  in  this  country  was  only  335,500  barrels, 
valued  at  $704,050.  From  1890  to  1900  the  growth  of  the  industry 
in  the  United  States  was  exceedingly  rapid,  and  during  the  last  half 
of  this  period  almost  phenomenal.  The  amount  consumed  in  1899 
was  very  nearly  three  times  that  in  1890,  while  the  imports  have  been 
reduced  but  slightly  below  what  they  were  in  1891.  The  following 
table  shows  more  graphically  than  words  the  increase  by  years  in 
]>roduction  and  total  consumption,  as  well  as  the  variation  in  the 
amount  imported: 
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From  the  table  it  will  be  seen  that  in  1897,  the  total  increase  in 
domestic  production  was  1,134,652  barrels,  while  the  increase  in 
consumption  was  368,099  barrels.  This  was  the  first  year  that  the 
increase  in  production  was  greater  than  that  in  consumption,  and  also 
the  .first  year  in  which  American  manufacturers  produced  more  than 
one-half  of  the  Portland  cement  consumed  in  the  United  States. 

According  to  Mr.  S.  B.  Newberry,  the  acknowledged  authority  on 
Portland  cement  in  this  country,  "This  important  step  toward  the 
replacement  of  imported  by  domestic  Portland  was  largely  brought 
about  by  the  successful  efforts  of  American  manufacturers  to  produce 
a  high  grade  product.  Engineers  in  all  parts  of  the  country  found 
to  their  surprise  that  the  product  of  the  leading  American  factories 
showed  decidedly  higher  tests  than  the  imported  brands  which  had 
long  been  regarded  as  a  standard.  In  fineness  of  grinding,  also,  the 
American  cements  were  found  superior  to  the  imported.  Neverthe- 
less the  fact  remains  that  there  is  among  contractors  a  considerable 
prejudice  in  favor  of  certain  brands  of  German  cements,  and  that  the 
latter  still  command  a  higher  price  than  the  American.  This  preju- 
dice is  unfounded,  and  is  therefore  certain  to  depart  in  time,  but 
it  still  exists.  American  cements  can  be  made  at  a  price  which  will 
allow  them  to  be  sold  cheaper  than  the  best  imported  German,  and 
where  the  two  come  together  in  competition  on  large  contracts  the 
work  is  generally  made  to  the  American  manufacturers  on  the  basis 
of  price.  This  was  clearly  shown  on  the  letting  of  a  large  govern- 
ment contract  at  Pittsburg  last  winter.    The  offers  were  as  follows: 

One  Belgium  cement $2  50  a  bbl. 

Five  German  cements,  average  price 2  60  a  bbl. 

Four  American  cements,  average  price 2  28  a  bbl. 

"The  price  of  Portland  cement  is  steadily  coming  down  and  the 
fall  is  being  hastened  greatly  by  the  successful  competition  of  Amer- 
ican against  foreign  manufacturers.  There  can  be  no  doubt  that 
within  a  very  few  years  practically  all  the  Portland  cemeni  con- 
sumed in  this  country  will  be  of  domestic  manufacture.  The  j)ricos 
of  some,  however,  will  hardly  be  the  same  as  they  are  now.  When 
the  demand  is  completely  supplied  by  American  manufacturers  we 
shall  have  works  in  this  country  producing  2,000  barrels  a  day  more 
than  in  Germany  and  the  same  result  will  be  reached  here  as  in 
Germany,  namely,  the  complete  replacement  of  the  common  natural 
rock  cements  by  artificial  Portland."* 


*  Briokbailder,  1898,  p.  108. 
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The  following  table  shows  the  production  of  Portland  cement  by 
States  in  1898  and  1899: 

*  PRODUCTION  OF  PORTLAND  CEMENT  IN  THE  UNIIED  STATES  IN  1898-1899. 
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*  From  the  article  on  Portland  cement  by  S.  B.  Newberry,  in  the  Twenty-first  Annual 
Report  of  the  U.  S.  Geol.  Sarr. 

From  this  table  it  will  be  seen  that  the  increase  in  production  in 
1899  was  1,969,982  barrels,  or  53.1  per  cent.  This  is  the  greatest 
increase  in  number  of  barrels  of  any  year  in  the  history  of  the  in- 
dustry in  the  United  States,  though  the  percentage  of  increase  was 
greater  in  both  1896  and  1897,  when  it  was  respectively  55.8  and  73.5 
per  cent.  That  the  domestic  production  has  not  been  lessened  by 
any  decrease  in  the  demand  is  shown  by  the  table  on  page  5,  where 
it  will  be  seen  that  the  imports  since  1891  have  been  more  than 
2,000,000  barrels  each  year,  while  the  imports  for  1899  were  94,570 
barrels  in  excess  of  those  for  1898.  In  both  1898  and  1899  the  de- 
mand in  the  autunm  months  was  far  in  excess  of  the  supply,  and 
many  important  engineering  works  were  suspended  or  delayed  on 
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account  of  the  impossibility  of  securing  the  cement.  A  number  of 
factories  had  their  output  sold  almost  a  year  in  advance,  and  high 
prices  were  paid  in  many  instances  for  immediate  shipment.  The 
same  condition  existed  in  other  countries,  and  as  a  result  many  new 
companies  were  organized  and  factories  erected,  both  here  and 
abroad,  for  the  production  of  cement. 

Prom  the  table  it  will  also  be  seen  that  in  1899  the  average  price 
per  barrel  of  380  pounds,  exclusive  of  cost  of  barrel,  was  $1.43.  No 
data  are  available  for  securing  the  average  price  for  1900,  but  to 
the  actual  consumer,  the  price,  even  in  large  lots,  was  much  higher. 
On  the  10th  of  August,  1900,  the  Indianapolis  Waterworks  Company 
paid  $2.37  per  barrel  in  jute  on  board  cars  at  Indianapolis  for  4,000 
barrels  from  an  Ohio  factory.  On  the  other  hand,  a  county  survo-  r 
was  able  to  purchase,  about  the  same  date,  a  700  barrel  lot  for  $;;i.l9 
per  barrel.  The  Whitehall  Portland  Cement  Co.,  of  Cementine,  Pa., 
make  a  cement  by  the  dry  process  from  ground  limestone  and  clay 
at  a  cost  of  55  cents  per  barrel.  Their  plant  is  a  very  large  one,  cost- 
ing over  $700,000,  and  is  fitted  with  the  latest  and  most  improved 
machinery.  A  careful  estimate  shows  that  the  cost  of  making  the 
cement,  by  the  wet  process,  from  marl  and  clay,  including  all  gen- 
eral expenses,  is,  in  such  States  as  Michigan,  Ohio  and  Indiana,  about 
66  cents  per  barrel;  so  that  the  margin  of  profit  is  still  sufficiently 
high. 

Uses. — One  of  the  principal  reasons  for  the  great  increase  in  con- 
sumption of  Portland  cement  in  this  country  in  recent  years  is  the 
discovery  of  many  new  uses  for  which  it  is  especially  fitted.  Its 
list  of  possible  uses  has,  in  fact,  more  than  doubled  in  the  past  five 
years.  Soft  and  readily  molded  or  shaped  into  any  desired  form 
when  fresh;  but  if  properly  used,  soon  becoming  harder  and  more 
durable  than  stone,  impervious  to  moisture  or  vermin  and  perfectly 
fire  proof,  it  is  rapidly  replacing  not  only  stone,  but  also  wood  and 
iron  for  many  purposes.  In  all  great  engineering  enterprises  it  is 
being  used  to  a  far  greater  extent  than  ever  before.  Up  to  the  pres- 
ent, and  no  doubt  for  "many  years  to  come,  the  demand  has  been  and 
will  be  limited  by  the  supply.  As  fast  as  new  factories  are  estab- 
lished the  market  swallows  up  their  product,  and,  up  to  the  present, 
without  effort  or  appreciable  effect  upon  the  price. 

On  account  of  its  fireproof  qualities  and  its  imperviousness  to 
moisture  and  vermin,  Portland  cement  is  especially  suitable  for  the 
construction  of  all  absolutely  fireproof  buildings,  especially  art  gal- 
leries, museums,  etc.  The  museum  at  Stanford  University,  Cali- 
fornia, now  being  erected,  is  a  notable  example  of  its  kind.    It  will 
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be  300  feet  in  length,  three  stories  in  height,  and  the  entire  Btmcture 
from  foundation  up — floors,  walls  and  roof — ^will  be  of  concrete  and 
iron.  The  whole  edifice  is  to  be  molded  into  a  single  monolithic 
structure  without  seam,  joint  or  break.  The  bars  of  iron  are  em- 
bedded in  the  concrete  and  are  immovably  held  at  every  point  by 
the  enveloping  material,  thus  imparting  their  own  tensile  strength 
to  the  concrete,  which  obviates  the  necessity  for  great  thickness  or 
heavy  weight.  If  the  materials  be  mixed  by  machinery,  the  walls 
of  a  building  can  be  built  of  concrete  for  22  cents  a  cubic  foot,  more 
than  10  cents  less  than  common  brick  work.  For  columns,  cornices, 
doors,  windows,  and  all  moldings  and  ornaments  its  relative  expense 
is  at  least  from  one-third  to  one-half  less  than  that  of  cut  stone 
as,  after  the  moulds  are  made,  the  whole  work  can  be  done  by  un- 
skilled labor.  For  any  large  public  building  designed  to  be  fireproof, 
it  is,  therefore,  the  most  economic  material  available. 

Its  use  by  railways  for  the  construction  of  bridge  piers,  arch 
culverts,  abutments,  retaining  walls,  etc.,  is  just  beginning,  and  bids 
fair  to  assume  enormous  proportions.  "Concrete  culverts  and  bridge 
piers  are  particularly  well  adapted  for  use  in  the  construction  of  new 
lines  of  railway,  owing  to  the  comparative  ease  with  which  the  ma- 
terial for  making  concrete  can  be  transported,  as  against  heavy  stone 
work.  The  use  of  derricks  for  loading  and  unloading  material  and 
specially  constructed  wagons  for  heavy  hauling  are  not  necessary  in 
concrete  work,  and  as  it  can  be  made  with  cheap,  unskilled  labor,  a 
great  saving  in  the  wages  of  the  force  employed  is  thus  effected. 
These  culverts  have  a  decided  advantage  over  cast-iron  pipes  on  new 
works  owing  to  the  great  cost  of  transporting  pipe.^^* 

Especially  will  this  increase  in  the  use  of  Portland  cement  con- 
crete become  notable  in  the  great  Central  Valley  and  Prairie  States, 
where  timber  is  becoming  scarce  or  is  wholly  absent  and  where  suit- 
able stone  has  often  to  be  transported  for  hundreds  of  miles.  The 
increasing  use  of  such  concrete  in  these  regions  is  but  a  natural 
economic  development. 

For  breakwaters,  large  sewers,  dams,  piers,  and  other  structures 
on  and  about  the  sea  coast,  great  lakes,  and  larger  streams  of  the 
country,  concrete  has  no  equal,  either  in  durability  or  ease  of  trans- 
portation and  construction.  For  railways  and  for  national,  state 
and  municipal  public  works  its  growing  consumption  will  be  suffi- 
cient to  utilize  for  many  years,  all  the  output  of  the  many  new  fac- 
tories which  are  proposed.  Hence,  while  the  growth  of  the  Portland 
cement  industry  at  this  time  is  very  rapid,  there  need  be  little  fear 

*F.  G.  Jonah  in  Canadian  Engineer. 


10  BEPOHT  OF  STATE  GEOLOGIST. 

of  an  overproduction  or  of  a  failure  to  find  an  adequate  market 
for  the  product. 

The  following  is  a  partial  list  of  the  many  uses  to  which  Portland 
cement,  or  concrete  made  largely  from  this  cement,  is  now  being  put: 

• 

USES  OF  PORTLAND  CEMENT. 

Abutments. 
Arched  culverts. 

Artistic  tile  for  inside  decoration. 
Artificial  stone  columns. 
Asphalt  pavements. 
Bank  vaults. 
Cellar  bottoms. 

Chimneys,  especially  the  tali  ones  of  factories  and  mills. 
Concrete  sidewalks. 
Curbs  and  gutters. 

Dams  and  wheel  pits  in  water  powers. 
Dry  docks. 
.  Engine  beds. 
Fence  posts. 
Fireproof  floors. 
Fortifications. 

Foundations  and  walls  for  all  fireproof  buildings. 
Foundations  for  brick  and  other  street  pavements. 
Grain  elevators.* 
Irrigation  flumes. 
Lining  of  war  vessels. 
Locks  of  canals. 

Mill  races  and  water  courses  in  general. 
Monolithic  concrete  construction  in  general. 
Pier,  quay  and  breakwater  construction. 
Piling. 
Pipe  mains. 
Railway  ties.f 

Reservoirs  for  water  supply  of  cities,  for  sewage,  etc. 
Retaining  walls  for  wharfs  and  embankments. 
Sewers. 


*The  Interior  Eleyator  Co.*  of  Minneapolii,  Minn.,  will  soon  erect  a  large  grain 
eleyator  for  Dalath,  to  be  oonBtrnoted  entirely  of  iteel  and  Portland  cement  concrete,  each 
as  it  in  nie  on  the  Danube  in  Europe.    The  eiti mated  cost  for  this  elevator  is  nearly 

t  Oonorete  railway  ties  are  coming  into  aso  in  Burope  and  oriental  countries;  and  it 
will  be  but  a  few  years  until  they  will  be  eztensively  used  in  the  United  States. 
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Shingles  and  tiles  for  roofs.* 

Stairways  in  public  and  private  buildings. 

Stuccoing  for  the  exterior  of  old  brick  and  frame  buildings. 

Terra-cotta  blocks,  f 

Tunnel  linings. 

Vaults  and  burial  tombs. 

Germany,  with  a  population  of  50,000,000,  manufactures  about 
18,000,000  barrels  of  Portland  cement  each  year.  Its  exports  are  a 
little  over  3,000,000  barrels,  leaving  15,000,000  barrels  for  home  con- 
sumption. The  United  States,  with  a  population  of  75,000,000,  con- 
sumes about  7,650,000  barrels  per  year.  The  consumption  per  capita 
is  therefore  three  times  greater  in  Germany  than  in  the  United 
States.  On  account  of  the  far  greater  magnitude  of  the  engineering 
and  railway  operations  in  the  United  States  there  is  little  doubt  but 
that  the  consumption  of  Portland  cement  will  increase  until  it  ex- 
ceeds, per  capita,  that  of  Germany. 

Composition. — The  essential  ingredients  or  elements  entering  into 
Portland  cement  are  calcium,  silica  and  aluminum.  The  calcium  is 
furnished  either  by  a  limestone  or  marl;  the  silica  and  aluminum  by 
clay.  In  the  process  of  burning,  these  three  elements  unite  to  form  a 
complex  silicate.  It  is  therefore  necessary  that  they  be  combined  in 
the  proper  proportions  if  the  best  results  are  to  be  obtained.  In  a 
few  places  in  the  United  States,  notably  the  Lehigh  Valley  region, 
Pennsylvania,  natural  deposits  of  stone  occur  in  which  the  elements 
of  Portland  cement  are  found  already  existing  in  the  proper  propor- 
tions. It  is  in  this  region,  comprised  within  a  circle  of  fifteen  miles 
radius,  that  the  greatest  development  of  the  industry  in  the  United 
States  is  found.  There  are  at  present  in  this  region  eleven  factories, 
two  of  which  are  larger  than  any  others  in  the  world.  One  of  these 
is  producing  over  8,000  barrels  per  day,  while  4,110,132  barrels,  or 
nearly  four-fifths  of  the  entire  product  of  the  United  States,  was  pro- 
duced by  the  eleven  factories  in  1899.  In  the  rock  of  the  Lehigh 
Valley  region  there  is  a  slight  excess  of  clay;  a  small  proportion  of 
pure  limestone  is  therefore  ground  with  the  rock  to  produce  a  cor- 
rect mixture. 

In  other  places  a  pure  limestone  and  clay  are  ground  together  for 
the  cement.  In  this  case  the  grinding  of  the  stone  must  be  much 
finer  than  where  the  natural  Portland  cement  stone  is  used,  since 
any  coarse  particles  of  the  latter  which  may  remain  in  the  raw 


*  In  Germany  40  per  cent,  of  the  burnt  olay  roofing  tile  has  been  replaced  by  concrete 
tile  daring  the  past  10  yean. 

t  These  bloekB,  made  of  concrete  and  molded  in  imitation  of  terra  cotta,  are  being 
extenilTely  nied  for  external  walla  of  dwellingi  and  bnsineM  houiei. 
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material  are  of  nearly  correct  composition.  The  use  of  marl  as  the 
form  of  carbonate  of  lime  has  greatly  increased  in  the  past  few  years, 
the  new  factories  which  have  been  erected  in  Michigan,  Ohio  and 
Indiana  generally  using  that  material.  The  following  table  gives 
the  comparative  product  of  Portland  cement  from  limestone  and  marl 
for  the  years  1897,  1898  and  1899: 


Faotories  oPinc  limestone 
Factories  using  marl 

ToUl 


1897. 

1898. 

1899. 

Num* 
ber. 

18 

n 

Product. 

Barrelt. 

2^,126 
396^9 

Num- 
ber. 

20 
11 

Product. 

Num- 
ber. 

Product. 

Barreh, 

3.112.492 
679.792 

3.692.284 

24 
12 

36 

Barrel; 

4.697.722 
964.544 

29 

2,677,775 

31 

5.652.266 

The  chemistry  of  Portland  cements  has  been  very  carefully  studied 
by  Messrs.  S.  B.  and  W.  B.  Newberry  who,  from  a  long  series  of  ex- 
periments, have  deduced  the  following  conclusions:* 

"First.  Lime  may  be  combined  with  silica  in  the  proportion  of 
three  molecules  to  one,  and  still  give  a  product  of  practically  con- 
stant volume  and  good  hardening  properties,  though  hardening  very 
slowly.  With  three  and  one-half  molecules  of  lime  to  one  of  silica 
the  product  is  not  sound,  and  cracks  in  water. 

"Second.  Lime  may  be  combined  with  alumina  in  the  proportion 
of  two  molecules  to  one,  giving  a  product  which  sets  quickly,  but 
shows  constant  volume  and  good  hardening  properties.  With  two 
and  one-half  molecules  of  lime  to  one  of  alumina  the  product  is  not 
sound. 

"Assuming  that  the  tri-silicate  and  di-aluminate  compounds  above 
mentioned  are  the  most  basic  compounds  which  can  exist  in  good 
cements,  we  arrive  at  the  following  general  formula  for  cements: 

(X(3CaO.Si02)  +  Y  (2CaO.Al,03), 

in  which  X  and  Y  are  variable  quantities,  having  different  values 
according  to  the  relative  proportions  of  silica  and  alumina  present 
in  the  clay  employed. 

"The  formula  SCaO.SiOj  corresponds  to  2.8  parts  of  lime,  by 
weight,  to  one  part  of  silica. 

"The  formula  2CaO.Al20j  corresponds  to  1.1  parts  of  lime,  by 
weight,  to  one  part  of  alumina. 


*"  The  Conatitutien  ef  flydraulio  CemenU."  1897,  p.  7.  ^ 
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^Substituting  weights  for  equivalents,  we  have  the  following 
formula,  representing  the  maximum  of  lime  which  should  be  present 
in  a  correctly  balanced  cement: 

"The  per  cent,  of  lime  =  the  per  cent,  of  silica  x  2.8  +  the  per 
cent,  of  alumina  x  1.1. 

"This  formula  may  be  used  to  calculate  the  proportion  of  lime 
which  should  be  used  with  any  clay  of  known  composition  as  follows: 
Multiply  the  percentage  of  silica  by  2,8,  and  the  percentage  of  alumina 
hy  1.1;  add.  the  products;  the  sum  will  he  the  number  of  parts  of  Urns 
required  for  100  parts  clay. 

"As  2.8  parts  lime  correspond  to  5.0  parts  carbonate  of  lime,  and 
1.1  parts  lime  correspond  to  2.0  parts  carbonate  of  lime,  the  calcula- 
tion may  take  the  following  simple  form:  five  times  the  percentage 
of  silica,  plus  twice  the  percentage  of  alumina,  =  the  number  of  parts 
of  carbonate  of  lime  required  for  100  parts  of  clay. 

As  a  practical  example  of  the  use  of  this  formula,  let  us  suppose 
a  clay  of  the  following  composition: 

Silica  65.4 

Alumina 16.5 

Iron  oxide 6.1 

Lime 2.2 

MaiTuecria 1.9 

Moisture,  combined  water,  etc 7.9 

Total   100.0 


(ti 


^Let  us  now  calculate  the  amount  of  lime  (or  carbonate  of  lime) 
which  must  be  added  to  this  clay  to  produce  a  correct  cement 
mixture: 

%  Silica        =  65.4  X  2.8  =  183.12  lime. 
%  Alumina  =  16.5  X  M  =   18.15  lime. 

Total 201.27 

LeM  lime  contained  in  clay,      2.20 


199.07 


Therefore  199.07  parts  of  lime  are  required  for  100  parts  of  clay. 

"As  56  parts  of  lime  correspond  to  100  of  carbonate  of  lime,  we 
have 

199.07 


56 


X  100  =  355.5. 


Therefore  355.5  parts  of  carbonate  of  lime  are  required  for  100  parts 
of  clay.  I 
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**The  correct  mixture  would  then  be: 

100  parts  clay. 

355.5  parts  pure  carbonate  of  lime. 


ur 


The  percentage  of  carbonate  of  lime  in  this  mixture  would  be 
78.0.  On  burning  this  a  cement  of  high  quality  will  result,  provided 
the  materials  are  finely  ground  and  perfectly  mixed.  This  statement 
was  confirmed  by  practical  test;  an  excellent  cement  of  constant 
volume  resulted. 

It  will  of  course  be  understood  that  the  proposed  formula  repre- 
sents the  maximum  of  lime  which  can  be  used  with  safety.  This 
maximum  can  be  reached  in  practice  only  by  most  thorough  grinding 
and  mixing  of  the  raw  materials.  In  practice  the  preparation  of  the 
materials  is  always  imperfect,  and  a  certain  part  of  the  silica  and 
alumina  present  remains  inactive,  as  is  shown  by  the  occurrence  of 
a  small  percentage  of  insoluble  matter  in  all  commercial  cements. 
For  this  reason  the  proportion  of  carbonate  of  lime  is  usually  carried 
about  one  to  two  per  cent,  lower  than  that  called  for  by  the  above 
formula." 

According  to  Dr.  Michaelis,  the  ratio  of  the  total  silicates  to  the 
lime  should  be  about  as  1  to  2,  and  the  variation  from  this  ratio 
should  only  be  within  narrow  limits.  Cements  rich  in  lime  set  more 
slowly,  but  harden  to  a  greater  degree  than  those  poor  in  lime. 
Cements  rich  in  silica  generally  set  more  slowly  than  those  rich  in 
alumina,  but  the  former  harden  very  quickly  and  are  better  for  use 
in  contact  with  ocean  water.  The  celebrated  German  Portland  ce- 
ment manufactured  at  Stettin  has  a  silica  percentage  of  nearly  25 
per  cent,  with  5.7  per  cent,  of  alumina  and  2.5  per  cent,  of  ferric 
oxide. 

From  a  series  of  experiments  the  Messrs.  Newberry  concluded 
that: 

"Iron  oxide  (FcjOg)  combines  with  lime  at  a  high  heat,  and  acts 
like  alumina  in  promoting  the  combination  of  silica  and  lime.  For 
practical  purposes,  however,  the  presence  of  iron  oxide  in  a  clay  need 
not  be  considered  in  calculating  the  proportion  of  lime  required/' 
and  that  "alkalies,  so  far  as  indicated  by  the  behavior  of  soda,  are  of 
no  value  in  promoting  the  combination  of  lime  and  silica,  and  prob- 
ably play  no  part  in  the  formation  of  cement."* 

In  regard  to  the  alkalies,  the  German  chemist,  Schoch,  expresses 
the  opposite  opinion  from  the  Newberrj's,  and  considers  that  these 
alkalies  act  as  a  flux  and  are  of  great  benefit  in  connection  with  the 

'^Loo.  cit.,  p.  16. 
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hardening  process  of  cement,  as  they  convert  the  silica  into  a  soluble 
condition  so  that  it  combines  readily  with  the  lime  when  wet.  Since 
these  alkalies  act  so  powerfully  in  bringing  about  the  vitrification  of 
clays  in  the  burning  of  such  products  as  sewer  pipe  and  paving  brick, 
there  can  be  but  little  doubt  that  they  have  a  somewhat  similar  effect, 
or  at  least  lend  much  aid  to  the  proper  calcination  or  vitrification  of 
the  slurry  or  cement  material  during  its  progress  through  the  kilns. 

The  question  of  the  influence  of  magnesia  as  one  of  the  ingredients 
of  Portland  cement  has  been  studied  by  many  chemists,  but  is,  as  yet, 
unsettled.  It  is  held  by  several  prominent  authorities  that  the  pres- 
ence of  any  considerable  amount  of  magnesia  causes  the  cement  to 
expand  and  crack  after  a  time.  II.  Dykerhoff,  a  German  authority, 
claims  that  more  than  four  per  cent,  of  magnesia,  either  added  to  a 
normal  mixture  or  substituted  for  an  equivalent  percentage  of  lime, 
causes  a  steady  deterioration  in  the  strength  of  the  resulting  cement. 
Actual  cracking  was  observed  only  when  8  per  cent,  or  more  of  mag- 
nesia was  present.  The  Messrs.  Newberry,  by  a  series  of  tests,  found 
that  pure  magnesia,  when  calcined  at  a  high  temperature,  sets  with 
water  and  hardens  like  cement  but  is  not  constant  in  volume.  Com- 
pounds of  magnesia  with  alumina  and  silica  did  not  set  or  harden  in 
air,  water  or  steam.  When  calcined  with  clay,  the  magnesia  decom- 
poses the  clay,  but  the  action  is  far  less  complete  than  in  the  case  of 
lime;  and  the  product  of  calcination  had  no  setting  or  hardening 
properties.  Magnesia  is  not  capable  of  replacing  lime  in  cement 
mixtures,  the  composition  of  which  should  be  calculated  on  the  basis 
of  the  lime  onlv.  On  the  whole  it  is  believed  that  two  and  a  half 
per  cent,  .of  magnesia  is  the  maximum  amount  which  a  good  grade 
of  Portland  cement  can  contain,  though  some  German  products  con- 
tain as  high  as  three"  and  a  half  per  cent. 

Sulphur  is  another  element  which  is  harmful  to  cement,  especially 
when  the  latter  is  exposed  to  sea  water,  as  its  presence  in  any  quan- 
tity hastens  disintegration.  The  source  of  the  sulphur  may  be  cither 
calcium  sulphate  in  the  marl  or  clay,  or  iron  sulphide  in  the  coal  used 
as  fuel.  An  addition  of  one-third  to  three-fourths  per  cent,  of  fluor- 
spar is  often. very  beneficial  for  bringing  about  an  easy  clinkering  of 
the  material  in  the  kiln. 

The  clay  used  in  the  making  of  Portland  cement  should  not  con- 
tain an  excess  of  sand  or  free  silica.  Many  clays  contain  a  high  per- 
centage of  sandy  particles  not  in  combination  with  the  other  ele- 
ments. Such  clays  possess  a  harsh,  gritty  feeling  when  rubbed  be- 
tween the  finger  and  thumb  or  when  brought  in  contact  with  the 
tongue  and  it  is  possible  to  wash  out  from  them  a  considerable  quan- 
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tity  of  grains  of  sand,  l^ese  clays,  though  well  adapted  for  brick 
making,  are  not  suitable  for  cement. 

The  clays  best  adapted  for  Fortlaod  cement  are  Hiie  grained  and 
have  a  greasy  or  unctuous  touch;  any  free  sand  present  must  he  re- 
moved or  ground  fine.  Tlic  amount  of  silica  in  the  clay  used  in  the 
best  grades  of  cement  runs  from  58  to  G5  per  cent.  Tlie  more 
amiirphous  silica  present,  the  better  the  clay.  The  amount  of  iron 
oxide  present  ?hoiitd  not  exceed  10  per  cent.  Clays  low  in  iron  are 
usually  of  a  gray  or  hluc  color  and  change  to  light  yellow  when 
weathered. 

The  following  are  the  analyses  of  some  of  the  clays  used  in  the 
making  of  Kuropean  and  American  Portland  cements:* 
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The  above  clays  are  used  in  making  cement  at  the  following 
localities: 


Province  of  8>x 

ObcrkaTf. 
Rnndenburg. 


Auttriea. 
(Imoduskj,  Ohio. 
BroDion,  Hichigao. 
WelUtou,  Ohio. 
Stroh,  Indian*. 
Yioktoo,  SoDlh  DihoU. 


It  will  be  noted  that  the  percentage  of  alumina  in  the  above  clays 
ranges  between  11.90  and  21.2T  per  cent.  Cements  low  in  lime  and 
withntit  an  excess  of  alumina  but  high  in  silica  are  always  of  low 
tensile  strength.  If  the  alumina  in  the  cement  runs  above  8  per  cent. 
it  in  consiilered  liigh.  if  below  5  per  cent.,  it  h  very  low.  Since  the 
cliiy  is  the  source  of  all  the  alumina,  and  almost  all  of  the  silica,  to» 
grejit  an  amount  of  clay  will  cause  the  resulting  cement  to  fuse  too 
liHsily.  It  will  also  be  light  in  weight,  will  set  quickly,  have  a  brown- 
ish color  and  never  become  thoroughly  hard.  Moreover,  it  will 
crumble  lo  a  greater  or  less  degree  when  exposed  to  the  weather. 
On  the  other  hand  cements  containing  too  great  a  percentage  of  lime 
will  stand  the  hottest  fire  without  fusing.  When  burned,  such  ce- 
ments arc  slow  setting,  hard  to  grind,  and  liable  to  flow  and  swell 
after  being  used.  In  most  of  the  Portland  cements  now  on  the  mar- 
ket the  lime  rune  from  60  to  65  per  cent. 
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The  following  is  a  table  of  chemical  analyses  of  some  of  the  leading 
makes  of  European  and  American  Portland  cements: 
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Lime  (CaO) 

8iliea(Si0,) 

Alumina  (AltO.) 

Iron  Oxide  (Fe.Oa)... 

Magnesia  (MgO) 

Salphnric  Acid  (SO3) 


63.06 

63.72 

62.28 

60.92 

62.30 

64.19 

63.17 

20.64 

22.08 

22.69 

22.04 

22.68 

23.20 

20.96 

7.15 

6.84 

7.30 

6.45 

6.n 

7.03 

9.74 

3.69 

3.36 

2.87 

3.41 

2.36 

2.41 

3.12 

2.33 

1.32 

1.08 

3.63 

3.14 

.97 

.75 

1.39 

1.82 

1.62 

2.73 

1.88 

1.05 

.86 

61.90 

21.80 

7.96 

4.95 

1.6i 

.79 


The  table  shows  that  the  composition  of  the  Portland  cements 
now  on  the  market  is  very  uniform,  the  limit  of  variation  of  each 
constituent  in  the  analyses  given  above  being  less  than  three  per 
cent. 

Process  of  Manufacture. — In  the  making  of  Portland  cement 
from  marl  and  clay,  the  process  now  followed  in  most  of  the  factories 
in  Ohio,  Michigan  and  Indiana  is  what  is  known  as  the  "wet  process," 
the  materials,  after  being  carefully  proportioned  and  thoroughly 
mixed  being  introduced  into  the  kilns  in  a  moist  or  semi-moist  con- 
dition. "To  accurately  proportion  the  raw  materials  and  to  perfect 
an  intimate  mixture  of  them  are  the  prime  factors  in  making  good 
Portland  cement.  Other  things  being  equal  the  more  exactly  the 
proportions  are  maintained  the  greater  the  uniformity  of  the  cement; 
the  more  homogeneous  the  mixture  and  the  finer  the  state  of  di- 
vision of  its  particles,  the  greater  the  strength  and  hydraulic  energy 
of  the  product."* 

In  some  plants  the  mixing  is  begun  in  large  steel  wet  pans  having 
a  diameter  of  eight  to  ten  feet,  water  being  allowed  to  flow  onto  the 
ingredients  while  they  are  being  ground.  From  the  wet  pans  the 
mixture  is  pump(»d  or  forced  through  steel  pipes  into  ball  mills 
where  the  particles  of  clay  and  marl  are  brought  into  still  more 
intimate  connection.  P>om  the  ball  mill  the  mixture  or  "slurry,"  as 
it  is  now  called,  is  passed  into  revolving  steel  kilns. 

In  other  plants  the  clay  is  first  passed  through  horizontal  cylin- 
drical steel  dryers,  where  it  is  brought  into  direct  contact  with  hot 
air^  and  then  through  a  Williams  or  other  grinding  mill,  where  it  is 
thoroughly  pulverized.  From  these  mills  it  passes  into  steel  storage 
bins,  and  from  there,  as  needed,  into  pug  mills,  which  correspond  to 


'Lewis,  Mineral  Indnstry*  1897. 


2-€Uol. 


18  REPOBT  OF  STATE  0B0L0GI8T. 

the  wet  pans  above  mentioned,  where  it  first  comes  in  contact  with 
the  wet  marl.  From  the  pug  mills  the  mixture  goes  to  the  ball  mills, 
which  it  leaves  as  slurry  ready  for  the  kilns. 

The  kilns  in  operation  in  all  of  the  more  modern  faclories  are 
those  of  the  rotary  steel  pattern,  in  which  the  process  of  burning  is 
continuous.  These  kilns  were  first  introduced  into  the  United  States 
in  1889  and  crude  petroleum  was  employed  for  fuel.  Tlie  oil  was 
blown  in  by  jets  at  one  end  and  the  smoke  and  gases  of  combustion 
passed  into  a  stack  at  the  upper  end  of  the  inclined  revolving  cyl- 
inder. As  a  labor  saving  device,  this  kiln  had  many  advantages  over 
the  old  fashioned,  upright  intermittent  kilns.  For  a  number  of 
years,  however,  it  was  handicapped  by  the  varying  price  of  the  crude 
petroleum  used  as  fuel.  When  this  petroleum  was  only  37  to  48  cents 
a  barrel,  as  it  was  between  1891  and  1894,  and  again  in  1897,  its  use 
as  fuel  in  cement  manufacture  was  extensive,  but  when  the  average 
price  rose  above  60  cents,  as  in  1895  and  1896,  and  from  1898  on,  the 
cost  became  prohibitory.  Then  it  was  that  experiments  were  made 
with  pulverized  coal,  and  owing  to  various  improvements  in  its 
preparation  and  in  the  methods  of  feeding  it  into  the  furnace,  it  is 
rapidly  becoming  adopted  as  a  cheap  and  in  every  way  satisfactory 
fuel  for  use  in  rotary  kilns.  At  the  same  time  the  evolution  of  the 
mechanical  features  for  handling  both  the  raw  materials  and  burned 
product  in  the  rotary  kiln  plants  has  steadily  advanced.  As  a  conse- 
quence the  amount  of  manual  labor  necessary  has  been  materially 
reduced  and  the  cost  of  the  manufactured  product  correspondingly 
lowered.  So  satisfactory  have  these  results  been  that  in  1899,  20  of 
the  3()  factories  in  the  United  States  were  using  the  rotary  kilns,  and 
in  thai  year  3,711,220  barrels,  or  65.7  per  cent,  of  the  total  pro- 
duction was  burned  in  these  kilns,  as  against  149,000  barrels,  or  25.2 
I>cr  cent,  so  burned  in  1893. 

The  rotary  kilns  in  use  vary  in  size,  some  being  60x6  feet  with  a 
capacity  of  160  barrels  per  24  hours;  others  60x5  feet,  with  a  ca- 
pacity of  125  barrels.  They  are  so  set  that  the  back  end  is  a  foot 
or  two  higher  than* the  lower  or  front  end.  The;  coal  n^od  is  bitumin- 
ous and  usuallv  a  mixture  of  slack  and  nut.  In  some  factories  it  is 
dried  in  upright  steel  dryers  encased  in  brick,  the  hot  air  being 
applied  between  the  brick  and  the  steel,  and  then  ground  in  revolving 
tube  mills;,  in  other  factories  it  is  dried  in  rotarv  cvlinders  about 
4x50  feet  in  size,  and  afterward  ground  in  Griffin  or  similar  mills. 
After  grinding  it  is  conveyed  to  storage  tanks.  In  the  latest  and 
most  improved  plants,  these  are  fiat  funnel-form,  made  of  heavy 
sheet  iron,  one  being  fastened  to  the  walls  about  six  feet  above  the 
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ground,  and  in  front  of  each  rotary  kiln.  The  coal,  when  prepared 
as  described,  is  in  the  form  of  a  fine  powder,  and  is  forced  by  a  blower 
into  the  front  end  of  the  kiln,  where  it  burns  like  gas,  evolving  a 
heat  of  3,000  to  3,500  degrees  F. 

The  raw  material  or  slurry  mixture  enters  the  kiln  by  a  spout  at 
the  upper  end  and  is  carried  slowly  forward  and  downward  by  the 
revolution  of  the  furnace,  the  burnt  clinker  finally  falling  out  of 
an  opening  at  the  front  end  just  below  the  point  at  which  the  fuel 
is  forced  in.  In  burning,  the  furnace  is  at  a  white  heat  20  to  25  feet 
back  from  the  front,  and  at  a  red  heat  10  to  15  feet  back.  The 
material,  in  passing  through,  is  kept  at  a  high  heat  only  15  to  20 
minutes,  although  it  is  in  the  kiln  about  three  times  as  long.  It 
i»inerge8  in  clinkers  the  size  of  a  hickory-nut  or  less.  These  are  lifted 
by  endless  bucket  elevators  and  are  then  stored  in  steel  cooling 
bins,  or  are  passed  through  troughs  of  water  and  so  cooled  immedi- 
ately. In  some  factories  it  is  customary  to  add  about  two  per  cent, 
by  weight  of  raw  ground  gypsum  to  the  cooled  clinker  to  prevent  the 
cement  from  setting  too  quickly. 

From  the  cooling  bins  or  troughs  the  clinkers  go  to  the  final  grind- 
ing machines.  These  are  either  of  the  GriflBn  or  the  ball  and  tube 
pattern,  and  from  them  the  cement  emerges  as  a  finished  product. 
From  these  mills  it  is  conveyed  to  the  storage  bins  where  it  is  usually 
kept  60  days  or  more  before  being  shipped  for  consumption.  This 
seasoning  increases  the  tensile  strength  by  neutralizing  the  free  lime 
remaining  in  the  cement. 

From  what  has  been  written  it  will  be  seen  that  the  manufacture 
of  Portland  cement  is  an  operation  requiring  great  care  and  skill. 
The  selection,  preparation  and  mixing  of  the  raw  materials,  the 
burning  of  the  charge,  and  the  sorting  and  grinding  of  the  product, 
must  all  be  carefully  controlled,  or  serious  defects  in  the  finished 
product  will  result.  The  faults  shown  by  bad  cements  are,  moreover, 
generally  not  trifling  ones,  nor  immediately  evident,  but  often  con- 
sist of  hidden  and  dormant  evils,  which  may  cause  the  failure  and 
destruction  of  important  pieces  of  engineering  work  after  the  lapse 
of  months  or  years.  It  is  evident,  therefore,  that  simple  and  rapid 
methods  of  detecting  these  hidden  faults,  and  of  determining  the 
comparative  values  of  different  samples  of  cement,  are  absolutely 
indispensible  to  all  engaged  in  the  many  kinds  of  constructive  work 
in  which  cement  is  used. 

Thk  Testing  of  Portland  Cement. — Each  of  the  leading  fac- 
tories now  has,  as  an  adjunct  to  its  plant,  a  laboratory  in  which  an  ex- 
perienced chemist  is  constantly  at  work,  making  analyses  of  the  raw 
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The  testing  machine  in  most  common  use  is  one  made  by  the  Fair- 
banks Scale  Co.,  in  whicli  the  weight  is  applied  by  a  stream  of  shot 
which  runs  from  a  reservoir  into  a  pail  suspended  at  the  end  of  the 
steel-yard  arm;  when  the  briquette  breaks  the  arm  falls,  automatic- 
ally cutting  off  the  flow  of  shot.  The  actual  weight  used  is  multiplied 
by  100.  The  time  required  to  break  a  briquette  is  about  five  seconds 
for  every  100  pounds  of  tensile  strength. 

Mr.  S.  B.  Newberry  has  issued  a  little  pamphlet  entitled  "Notes  on 
Cement  Testing"  which  contains  valuable  information  based  upon 
the  results  of  his  experience.  In  regard  to  the  making  of  briquettes 
and  the  constancy  of  volume  of  the  cement  he  makes  the  following 
observations: 

"The  proportion  of  water  used  greatly  affects  the  resulting 
strength.  p]nough  water  should  be  taken  to  make  a  stiff,  plastic  mix- 
ture; more  than  this  weakens  the  briquettes,  especially  when  tested 
at  short  periods.  Portland  cement  requires  from  22  to  25  per  cent. 
In  work  so  necessarily  exact  as  this,  the  use  of  French  weights  and 
measures  will  be  found  an  immense  saving  of  labor  and  tedious  calcu- 
lation. The  cement  and  sand  are  weighed  in  grammes  and  the  water 
measured  in  cubic  centimeters.  Since  one  cubic  centimeter  of  water 
weighs  one  gramme,  the  correct  percentage  may  at  once  be  taken 
without  calculation. 

"The  thorouglmess  of  mixing  the  cement  and  water  makes  a  most 
surprising  difference.  The  German  requirements  specify  that  the 
mixture  for  sand  briquettes  shall  bo  'strongly  worked  with  the  trowel 
for  five  minutes.'  The  writer  found,  in  one  case,  that  a  cement 
with  three  parts  of  sand,  worked  about  one  minute,  gave  at  seven 
days  87  lbs.;  the  same  mixture,  thoroughly  worked  five  minutes,  gave 
in  seven  days  240  lbs.  With  neat  cement  thoroughness  of  mixing  is 
equallv  necessarv.  Doubtless  manv  failures  and  variations  in  results 
are  due  to  neglect  of  this  precaution.  Rubbing  the  moist  mixture 
in  a  large  porcelain  mortar  for  a  few  moments  before  filling  each 
mold  is  j)raetiood  by  some.  This  method  gives  higher  results,  and,  if 
adopted",  should  be  uniformly  followed. 

"Constancy  of  Volume. — The  tendency  of  cement  to  expand  or 
crack  is  the  most  dangerous  of  all  the  faults  it  can  show,  since  this 
may  in  time  cause  the  destruction  of  the  work  in  which  the  cement 
is  used.  The  pat  test  on  glass  is  gciiorally  relied  upon  to  detect  this 
fault,  and  should  never  ])e  omitted.  Care  should  be  taken  not  to 
put  the  pats  in  water  until  thoroughly  set,  as  the  best  cements  will  fail 
if  put  in  water  too  soon.  For  the  sake  of  uniformity  it  is  best  to 
keep  the  pats  for  24  hours  under  a  damp  cloth  or  in  a  closed  box  be- 
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fore  putting  in  water.  The  amount  of  water  used  in  mixing  should 
not  be  too  great,  or  the  cement  will  not  harden  well.  The  amount 
specified  in  the  German  requirements  will  be  found  suitable.  The 
cracks  due  to  expansion  occur  usually  at  the  edges  of  the  pat,  and 
radiate  from  the  center.  These  should  not  be  confused  with  irregu- 
lar shrinkage  cracks,  which  show  themselves  when  the  pats  are  made 
too  wet  and  allowed  to  dry  out  too  much  during  setting. 

"The  tendency  to  expand  and  crack  shows  itself  much  sooner  and 
more  distinctly  in  the  pats  than  in  briquettes.  Nevertheless  the  in- 
spection must  be  continued  for  a  long  time,  if  all  possibility  of  future 
failure  is  to  be  avoided.  The  writer  has  known  cases  in  which  the 
pats  stood  satisfactorily  for  two  weeks  or  more,  but  briquettes  of  the 
same  cement  went  to  pieces  after  several  months.  The  dangerous 
expansion  of  cement  is  due  to  free  or  imperfectly  combined  lime, 
resulting  generally  from  coarseness  or  imperfect  mixture  of  the  raw 
materials.  The  slaking  of  this  lime  is  often  very  long  delayed,  but 
finally  takes  place  with  irresistible  force,  completely  destroying  the 
hardened  cement  and  the  work  done  with  it. 

"For  the  purpose  of  quickly  determining  any  tendency  of  cement 
to  expand  and  crack,  the  boiling  test  is  largely  used.  This  consists  in 
exposing  the  pats,  after  setting,  to  the  action  of  steam  for  several 
hours,  then  placing  them  in  boiling  water  for  some  hours  more.  The 
action  of  steam  quickly  slakes  the  free  lime,  if  present,  causing  the 
pats  to  swell,  crack  and  often  fall  to  powder.  The  writer  believes 
that  three  hours^  exposure  to  steam  is  amply  sufficient  for  all  practi- 
cal purposes,  and  that  the  boiling  water  test  is  unnecessary.  A  few 
trials  will  convince  anvone  that  no  cement  which  cracks  in  cold  wa- 
ter,  even  after  months,  can  possibly  stand  the  test  in  steam  for  three 
hours.  The  fact  is  that  no  cement  is  wholly  free  from  uncombined 
lime,  and  that  a  very  small  percentage  of  this  is  entirely  harmless. 
Such  a  proportion  as  would  be  dangerous  in  practical  work  is  im- 
mediately and  strikingly  detected  by  the  test  in  steam,  and  much 
more  surely  than  by  long  tests  in  cold  water. 

"In  using  the  hot  test,  care  should  be  taken  not  to  make  the  pats 
too  wet,  since  excess  of  water  causes  even  the  best  cements  to  swell 
up  and  soften  under  the  action  of  steam.  The  writer  has  found 
that  exposure  to  steam  after  setting  is  a  more  searching  test  than 
that  of  placing  in  steam  as  soon  as  made.  In  the  latter  case,  slaking 
of  the  free  lime  appears  often  to  take  place  before  the  setting,  and 
the  fault  thus  escapes  detection.  Pats  of  sound  cement  placed  in 
steam  after  setting  will  harden  rapidly,  and  show  no  cracking  or 
crumbling;  they  will  also  generally  remain  attached  to  the  glass, 
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though  this  point  is  usually  not  regarded  as  essential,  since  the  best 
cements  vary  greatly  in  this  respect." 

Mr.  Newberry  also  recommends  the  following  as  a  fair  equipment 
of  the  apparatus  needed  for  testing  cements: 

A  slab  of  slate  or  marble,  at  least  two  by  three  feet  in  size,  one  and 
a  half  inches  thick. 

A  grocer's  scale,  weighing  to  one-fourth  ounce. 

Set  of  weights,  preferably  on  the  metric  system. 

A  glass  graduate  for  mejisiiring  water,  preferably  showing  cubic 
centimeters. 

A  trowel  with  five-inch  blade. 

Pieces  of  glass,  about  five  inches  scjuare,  for  pat«,  and  some  about 
three  inches  square  for  hot  tests. 

Testing  machine  and  at  least  one  dozen  molds. 

A  trough  for  keeping  briquettes  in  water,  best  lined  with  zinc. 

A  square  copper  box  on  legs  for  hot  tests,  with  gas  burner,  rack 
for  pats,  and  coyer. 


THE  PORTLAND  CEMENT  INDUSTRY  IN  INDIANA. 

The  first  Portland  cement  factory  in  Indiana,  and  one  among  the 
first  in  the  United  States,  was  erected  at  South  Bend  in  1877, 
Thomas  and  Duane  Millcn,  father  and  son,  with  John  H.  Leslie,* 
being  the  founders.  A  factory  had,  a  short  time  previously,  been 
erected  at  Kalamazoo,  Mich.,  for  the  making  of  Portland  cement 
from  marl  and  clay,  but  it  was  not  a  success.  The  South  Bend  fac- 
tory was,  therefore,  the  first  in  the  United  States  to  successfully  use 
these  ingredients  in  cement  making. 

The  Millens  and  Leslie  began  experimenting  in  June,  1877,  and, 
after  making  innumerable  experiments  in  proportion  and  combina- 
tion of  different  materials,  and  building  a  large  number  of  experi- 
mental kilns,  they  succeeded  so  far  that  in  the  following  October 
they  began  preparing  a  small  plant  to  manufacture  the  cement  for 
Oie  market.  They  began  with  one  small  semi-dome  kiln  and  one 
millstone  with  an  American  cracker  to  reduce  the  clinker  for  the 
millstone,  thus  requiring  one  man  with  a  sledge  and  a  large  hollow 
piece  of  iron  to  do  the  work  of  a  Blake  crusher. 

They  did  not  succeed  in  successfully  burning  any  clinker  until 
the  latter  part  of  January,  1878,  although  they  were  working  day 
and  night  to  find  the  right  proportion  for  the  mixture,  the  proper 

*  To  Mr.  Leslie,  stiU  a  reaident  of  South  Bond,  I  am  indebted  for  many  of  the  facts 
hnf  given  regarding  the  ^t^rlj  biitor^  of  %h9  Pprtland  cement  indnitry  in  Indiana, 
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way  to  fill  the  kiln  and  the  best  kind  and  proper  amount  of  fuel.  At 
last  these  problems  were  solved  and,  with  occasional  set-backs,  they 
succeeded  so  well  that  it  was  determined  to  construct  another  and 
larger  *dome  kiln.  The  first  year's  operation  lacked  much  of  being 
profitable.  The  second  year  they  constructed  a  second  dome  kiln 
and  made  many  improvements  in  the  methods  of  mixing,  drying  and 
burning,  so  that  at  the  end  of  this  second  year  they  were  nearly  even 
with  expense  and  profit. 

The  company  was  soon  after  reorganized  by  taking  in  Homer 
Millen,  a  younger  son,  under  the  firm  name  of  Millen  &  Sons,  and 
disposing  of  their  other  manufacturing  interests,  they  gave  their 
entire  energies  to  developing  their  cement  plant.  The  quality  of  the 
cement  was  gradually  improved,  and  the  United  States  Government 
finally  recognized  its  high  grade  by  annually  purchasing  large  quanti- 
ties for  use  in  the  arsenal  at  Rock  Island,  Illinois.  The  output  was, 
however,  small  compared  with  that  of  factories  of  to-day,  ranging 
from  5,000  to  20,000  barrels  per  annum.  The  cement  was  made  from 
marl  taken  from  the  lakes  at  Notre  Dame  and  from  clay  shipped 
from  Bertrand,  Michigan,  seven  miles  north. 

The  analyses  of  the  raw  materials,  made  by  H.  H.  Hooper  of  Chi- 
cago, were  as  follows: 


MARL. 

Calcium  carbonate  (CaOO,) 91.25 

Magnesium  carbonate  (MgOO,) 3.21 

Calcium  sulphate  (CaSOJ 24 

Insoluble  inorganic  matter  (silica,  etc.) 3.80 

Organic   matter 1.60 


CLAY. 

Silica    (SiOa) 59.36 

Alumina  (A1,0,)  and  Iron  Oxide  (Fe,0,) 10.01 

Magnesia   (MgO) 2.40 

Lime  (OaO)   23.80 

Sulphuric  add  (SO.) 1.71 

Soda  (Na,0)  and  Potash  (KaO) 58 

Water  (H,0)  combined 2.05 

The  clay  was  first  ground  in  a  disintegrator,  then  mixed  with  the 
marl  in  a  pug  mill  in  the  proportion  of  one  part  to  four.  As  it  is- 
sued from  the  pug  mill  it  was  cut  into  cakes  the  shape  of  an  ordinary 
brick,  but  larger.    These  were  placed  on  iron  cars  and  dried  24  to  36 
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hours  by  steam  and  were  then  burned  in  an  English  dome  kiln,* 
four  of  which,  averaging  in  capacity  about  G5  barrels  of  cement  each, 
were  in  use  by  the  company.  These  kilns  were  intermittent  in  op- 
eration. In  preparing  the  kiln  for  burning,  wood  and  coke  were 
piled  for  several  feet  above  the  grate  and  then  above  that  the  bricks 
of  dried  slurry  and  coke  in  alternate  layers  up  to  the  doors  at  the 
base  of  the  stack.  The  doors  were  then  sealed  up,  the  fire  started 
at  the  bottom  and  allowed  to  burn  for  64  hours,  until  it  had  burned 
through  the  clinker  at  the  top.  The  doors  were  then  opened,  and 
after  cooling,  the  clinkers  were  removed,  the  kiln  being  recharged 
for  another  burning.  This  style  of  kiln  consumes  a  large  amount  of 
fuel  and  requires  more  or  less  sorting  of  the  clinker  to  separate  the 
underburnt  and  vitrified  material. 

At  the  South  Bend  factory  the  clinker,  after  burning,  was  run 
through  a  Blake  crusher  and  reduced  to  the  size  of  a  hickory-nut  or 
less;  then  through  a  "cracker"  from  which  it  emerged  in  pieces  the 
size  of  a  grain  of  wheat,  and  then  through  a  rock  emery  mill  for 
final  grinding. 

The  cement  of  this  factory  for  many  years  had  a  high  renown 
among  engineers  and  contractors.  The  average  tensile  strength  of 
its  neat  briquette  was  as  follows: 

24  hours 225  pouuds. 

7  days 400  pounds. 

28  days 550—625  pounds. 

while  its  chemical  composition  showed  the  presence  of 

Lime  (CaO)   59.24 

Silica  (SiOa) 22.30 

Alumina    (AUO,) 7.21 

Iron  Oxide  (FejO,) 3.79 

Magnesia    (MgO)  3.03 

Sulphuric  acid  (So,) 1.47 

In  1886  the  original  founders,  ITiomas  and  Duane  Mill  en,  opened 
up  another  and  larger  plant  at  Warner's,  New  York,  leaving  the 
one  at  South  Bend  in  the  care  of  Homer  Millen  and  Mr.  Leslie. 
These  gentlemen  succeeded  in  increasing  the  output  several  hun- 
dred barrels  per  year.  The  demand  for  their  product  continued  to 
increase,  so  that  from  1887  on,  the  company  was  constantly  refus- 
ing orders  during  the  summer  and  fall  months.    In  1889,  the  Milieus, 

*Thi8  style  of  kiln  was  the  only  one  used  in  the  United  States  up  to  1889,  and  next  to 
the  rotary  continnoni.  it  is  the  most  common  one  in  operation  to-day,  the  proceii  of  bnm- 
ing  being  the  same  aa  here  described. 
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desiring  to  concentrate  their  capital,  sold  their  interests  in  Indiana 
to  the  South  Bend  Portland  Cement  Co.,  consisting  of  Horace  M. 
Taggart  and  E.  F.  Marshall,  Mr.  Leslie  being  retained  as  superin- 
tendent. The  new  company  was  for  two  or  three  years  very  success- 
ful, being  several  carloads  behind  their  orders  during  the  cement 
season,  although  when  the  season  opened  they  usually  had  from 
eight  to  ten  thousand  barrels  in  stock.  Tiring  at  last  of  declining 
orders,  they  concluded  to  increase  their  capital  stock  by  reorganizing 
and  building  a  larger  plant.  This  was  begun  in  the  summer  of  1891, 
and  late  the  next  spring  the  new  plant  was  completed  at  a  cost  of 
about  $40,000.  The  machinery  consisted  of  one  large  Blake  crusher; 
one  pug  mill;  one  clay  grinder;  three  sets  of  millstones;  two  80 
horse-power  boilers;  one  12»5  horse-power  engine;  three  dry  arches, 
fitted  with  pipes  and  cars;  elevators,  conveyers,  line-shafting  and  all 
other  necessary  equipments.  The  burning  was  done  in  "dome"  kilns 
of  large  size,  four  of  which  were  erected.  The  plant  was  in  opera- 
tion only  about  18  months,  during  which  time  its  output  was  about 
60  barrels  daily. 

Private  misunderstandings  and  dissensions  arising  among  the 
members  of  the  company,  the  plant  was  shut  down  in  1893,  and  re- 
mained closed  until  1896,  when  it  was  operated  for  a  short  time. 
Soon  after  its  second  opening  the  company  failed,  and  the  plant  was 
permanently  closed.  It  is  understood  that  a  Chicago  company  has 
recently  purchased  or  leased  it,  and  will  use  it  in  making  Keene's 
cement. 

The  old  factory,  after  having  been  idle  for  a  year  of  two,  was  re- 
opened by  a  new  company  in  1894.  From  a  lack  of  experience  the 
new  owners  were  not  able  to  make  cement  of  as  good  quality  as  that 
produced  by  the  original  founders,  nor  were  they  able  to  compete 
with  the  lower-priced  makes  burned  in  continuous  kilns.  The  output 
was,  therefore,  allowed  to  dwindle,  and  finally  stopped  in  1898,  the 
factory  having  been  idle  since  that  year.  The  high  standard  at- 
tained by  the  product  of  the  original  company  shows  that  the  ma-  , 
terials  used  were  in  every  way  suited  for  the  manufacture  of  an  ex- 
cellent grade  of  Portland  cement. 

The  Wabash  Portland  Cement  Company.  —  This  company 
began  the  manufacture  of  cement  at  Stroh,  Lagrange  County, 
Indiana,  in  August,  1900.  Their  plant  was  erected  in  1899  and 
1900,  on  a  piece  of  high  ground  between  Big  and  Little  Tur- 
key lakes,  a  railway  switch  having  been  put  in  connecting  the 
site  with  the  Chicago  Division  of  the  Wabash  Railway  at  Helmer, 


28  BEPORT  OF  8TATS  GEOLOGIST. 

five  miles  southeast.  With  the  exception  of  the  chemical  laboratory 
and  office,  the  whole  plant  is  under  one  roof.  It  is  equipped  with 
the  latest  improved  machinery  as  follows:  One  steel  revolving  dryer, 
4x40,  and  Williams  pulverizer  for  clays;  one  Vulcan  dryer  and  Smith 
tube  grinder  for  the  reduction  of  the  fuel  coal  to  powder;  four  rotary 
continuous  kilns,  60x5  feet  in  size,  with  a  total  daily  capacity  of  480 
barrels;  20  steel  tram  cars,  holding  one  and  a  half  cubic  yards  each, 
to  convey  the  marl  from  the  pit  to  the  mouths  of  the  pug  mills, 
three  in  number;  three  tube  mills  for  thoroughly  mixing  the  slurry 
after  it  leaves  the  pug  mills;  and  four  ball  mills  for  grinding  the 
cement.  The  capital  invested  in  the  plant  is  at  present  about  $2?5,- 
000,  though  this  will  soon  be  increased  by  the  addition  of  more 
rotary  kilns  and  other  machinery. 

According  to  the  statement  of  the  chemist,  Mr.  W.  R.  Oglesbey, 
employed  at  the  works,  the  average  tensile  strength  of  the  cement 
being  shipped  from  the  factory  in  January,  1901,  was  as  follows:* 

Neat: 

7  days 700  pounds. 

28  days 824  pounds. 

One  part  cement  to  three  parts  sand: 

7  days 210  pounds. 

28  days 302  pounds. 

while  its  average  analysis  showed  the  following  percentage  compo- 
sition : 

SlHca    (SiO,) 21.78 

Alumina    (A1,0,) 7.31 

Iron  oxide  (Fe,Oj) 2.65 

Lime  (CaO) 62.35 

Magnesia   (MgO) 2.88 

Sulphuric  anhydride  (SO,) 1.78 

Carbonic  anhydride  (Co,) 23 

Water   (H,0) 55 

Potash  (K2O),  Soda  (Na,0)  and  loss 47 

Thk  SYKAOrsE  Portland  C^iment  Company. — The  Syracuse 
Portland  Cement  Co.  began  the  erection  of  a  plant  by  the  side  of 
the  Baltimore  &  Ohio  Railway,  one-third  of  a  mile  east  of  Syracuse, 
Indiana,  in  1899,  and  completed  it  ready  for  the  making  of  cement  in 
November,  1900.  The  materials  used  arc  marl  from  Syracuse  Lake 
and  clay  from  near  La  Paz,  Indiana. 


*  An  analTsis  of  the  claj  and  marl  used  will  be  found  under  the  heading  of  Turkey 
Lake,  Lagrange  Countj,  on  a  subtequent  page  of  this  volume. 
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The  composition  of  the  marl,  clay  and  cement  are  as  follows,  ac- 
cording to  S.  B.  Newberry,  chemist: 

Marl,          Clay  (LaPdz),  Cement. 

Silica    1.74                55.27  .  22.06 

Alumina   90                10.20  4.80 

Iron   Oxide 28                  3.40  1.66 

Lime  49.84                  9.12  .      65.44 

Magnesia  1.75                  5.73  3.82 

SO.    1.12                  0.90 

Loss    46.01 


. .  . . 


The  different  departments  of  the  plant  at  Syracuse  are  in  separate 
buildings,  thus  diminishing  greatly  the  risk  of  loss  by  fire.  At  the 
same  time  the  arrangements  for  carrying  on  the  work  are  so  per- 
fected that  no  waste  of  labor  or  increase  of  machinery  is  necessitated 
by  this  isolation.  The  buildings  erected  and  machinery  installed 
are  in  part  as  follows:  (1)  Power  house,  with  three  sets  of  boilers; 
two  compound  engines  of  1,000  horse-power  each,  and  two  Westing- 
house  dynamos  each  of  440  voltage  power.  The  foundation  and 
floors  of  this  building,  as  of  all  the  others,  is  of  concrete,  the  engines 
being  set  on  concrete  foundations  reaching  to  below  the  level  of  the 
water  in  the  nearby  lake.  (2)  Mixing  room,  218x62  feet,  containing 
four  upright  cylindrical  storage  tanks  for  marl  and  clay,  each  16x15 
feet;  two  10-foot  wet  pans;  two  steel  tube  mills,  30x6,  for  mixing 
slurry;  and  three  storage  tanks  16x15,  for  slurry  after  mixture.  (3) 
Rotary  building,  100x110  feet,  containing  six  rotary  kilns,  60x6  feet, 
with  a  total  capacity  of  960  barrels  daily,  and  six  storage  tanks,  one 
in  front  of  each  kiln,  for  powdered  coal.  (4)  Coal  grinding  house, 
176x30  feet,  containing  two  steel  rotary  dryers,  each  47x4  feet,  and 
four  Griflfin  mills.  (5)  Dry  grinding  house,  containing  four  ball  mills 
and  two  rotary  tube  mills.  (6)  Warehouse,  147x60  feet,  with  packing 
room,  45x60,  annexed.  (7)  Store  building  for  supplies  and  machine 
shop.  (8)  Main  office  and  chemical  laboratory.  The  plant  is  one  of 
the  best  equipped  now  in  operation  in  the  United  States,  the  amount 
of  capital  invested  being  nearly  $400,000.  The  company  is  composed 
mainly  of  Cleveland  and  Sandusky,  Ohio,  capitalists.  Preferred  stock 
amounting  to  $400,000,  with  a  guarantee  of  6  per  cent,  interest,  and 
common  stock  to  the  amount  of  $700,000,  was  issued.  Most  of  the 
available  marl  in  and  around  Turkey  or  Wawasee  Lake  has  been  pur- 
chased by  this  company,  and  it  has  also  secured,  at  a  cost  of  $6,000, 
the  only  eligible  site  for  a  factory  by  the  side  of  the  B.  &  0.  Rail- 
way, near  Johnson^s  Bay,  Turkey  Lake. 
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Three  additional  companies  have  been  organized  for  utilizing  some 
of  the  Indiana  marl  deposits,  hereinafter  described,  in  the  manufac- 
ture of  Portland  cement,    ^fhese  are  as  follows: 

(1)  The  Indiana  Portland  Cement  Co.,  with  headquarters  at  De- 
troit, Michigan,  has  invested  $12,000  in  marl  and  clay  lands  in  and 
around  Dewart  and  Waubee  lakes,  Kosciusko  County,  and  propose 
soon  to  erect'  a  factorv  near  Milford. 

(2)  The  Goshen  Portland  Cement  Co.,  at  an  expenditure  of  $11,- 
600,  secured  control  of  560  acres  of  marl  land,  the  former  sites  of 
Mud  and  Cooley  lakes,  Elkhart  County,  and  are  now  engaged  in  rais- 
ing the  funds  necessary  to  erect  and  equip  a  large  factory. 

(3)  The  Monolith  Portland  Cement  Co.,  with  headquarters  at 
Bristol,  Elkhart  County,  has  secured  by  purchase  the  extensive  marl 
deposits  in  and  about  Indiana  and  Long  lakes,  north  and  northwest 
of  Bristol,  and  will  soon  erect  a  large  factory,  utilizing  the  water 
power  of  the  St.  Joseph  River. 

From  what  has  been  written  it  will  be  seen  that  the  citizens  of  In- 
diana have  until  very  recently  been  exceedingly  backward  in  utilizing 
the  materials  suitable  for  cement  making  Avhieh  lie  within  her 
bounds.  However,  the  two  factories  which  have  just  been  erected, 
and  those  Avhich  are  proposed  promise  much  for  the  future.  Ix»t  us 
hope  that  they  are  but  the  forerunners,  the  pioneers  of  a  great  in- 
dustrv  which  shall  (»enter  about  the  lakes  and  marshes  of  northern 
Indiana. 
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INTRODUCTORY. 


In  the  preparation  of  the  present  paper  Dr.  Ashley  collected  and 
partially  wrote  up  the  data  on  the  marl  deposits  of  the  larger  num- 
ber of  the  lakes,  and,  with  three  exceptions,  drew  all  of  the  accom- 
panying maps.  He  also  furnished  a  part  of  the  data  for  the  prelim- 
inary article  on  marl.  Mr.  Blatchley  wrote  the  articles  on  "Lakes** 
and  "Marl,"  and  most  of  the  matter  pertaining  to  the  individual 
lakes.  He  also  edited  and  rewrote  in  part  that  portion  of  the  marl 
data  on  these  lakes  collected  by  Dr.  Ashley.  Dr.  J.  T.  Scovell,  of 
Terre  Haute,  prepared  most  of  the  article  on  I^ike  Maxinkuckee 
and  furnished  the  map  of  that  lake.  Mr.  Hugh  B.  Holman,  of  Roch- 
ester, kindly  made  the  survey  and  platted  the  map  of  Manitou  T^ake 
and  Mr.  George  W.  McOarter  that  of  the  Barbee  Lakes,  Kosciusko 
County. 

The  thanks  of  the  authors  are  due  to  a  large  number  of  persons 
who  kindly  furnished  information,  and  in  other  ways  assisted  in  the 
collection  of  the  data.  Among  those  to  whom  special  acknowledg- 
ments are  due  are  Dr.  Vernon  Gould,  of  Rochester;  Mr.  J.  P.  Dolan, 
of  Syracuse;  Mr.  George  W.  McCarter,  of  Warsaw;  Capt.  B.  F.  James^ 
of  North  Webster;  Mr.  Frank  Hay,  of  Winona,  Starke  County;  Mr. 
Jacob  Kellar,  of  North  Judson;  Mr.  Walter  Derr,  of  South  Bend, 
and  Mr.  Earl  E.  Ramsey,  of  Muncio.  Others  are  mtmtioned  specifi- 
cally in  the  body  of  the  paper. 
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THE   LAKES  OF  NORTHERN   INDIANA   AND  THEIR 

ASSOQATED  MARL  DEPOSITS. 


By  W.  S.  Blatchley  and  Geo.  H.  Ashley. 


LAKES. 


The  lakes  of  northern  Indiana  are  the  brightest  gems  in  the  corona 
of  the  State.  They  are  the  most  beautiful  and  expressive  features 
of  the  landscape  in  the  region  wherein  t)iey  abound.  Numbered  by 
hundreds,  they  range  in  size  from  an  area  of  half  an  acre  up  to  five 
and  a  half  square  miles.  With  the  fertile  soil,  the  great  beds  of 
gravel,  and  the  myriads  of  bowlders,  large  and  small,  they  are  to  be 
classed  as  memento*  of  those  mighty  ice  sheets  which,  in  the  misty 
past,  covered  the  northern  two-thirds  of  our  State.  Outside  of  the 
counties  in  which  thev  occur  but  few  of  the  citizens  of  Indiana  know 
of  their  presence,  their  beauty,  their  value.  Their  origin,  their 
fauna  and  flora,  the  causes  of  their  gradual  diminution  in  size  and 
final  extinction  are  likewise  known  to  but  few. 

Hy  the  red  man  these  lakes  were  more  highly  appreciated  than  by 
his  more  civilized  C-aucasian  successor,  for  the  reason  that  the  Indian 
stood  much  nearer  to  wild  nature  than  we.  On  the  higher  ridges  over- 
looking the  lakes  he  had  his  village  sites.  Over  their  placid  waters 
he  paddled  his  birch  bark  canoe,  and  from  their  depths  he  secured 
with  spear  and  hook  fishes  sufficient  to  supply  his  needs,  while  mus- 
sels and  the  roots  of  the  water  lilv  added  variety  to  his  dailv  food. 
Wihl  fowl  by  myriads,  in  their  migrating  seasons,  came  and  went, 
stop])ing  to  I\'imI  upon  the  hikes,  thus  offering  him  many  a  chance 
to  test  liis  marksmanship  with  bow  and  arrow,  whik*  the  skins  of  the 
muskrat,  otter  and  beaver  which  he  trapped  about  the  marsliy  mar- 
gins furnished  hini  j)roteetion  against  the  cold.  Thus  it  will  be  seen 
that  his  very  existence  depended  oftentimes  upon  these  living 
bodies  of  water.  It  is  little  wonder,  therefore,  that  he  remained  in 
their  vicinity  until  driven  westward  by  the  conquering  wiiite  nnin, 
leaving  only  the  signs  of  his  feasts — vast  piles  of  shells,  bones,  and 
pit-ovens — as  reminders  of  his  former  presence. 

3-Qeol.  (33) 
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Of  the  two  classes  of  glacial  lakes  existing  in  the  United  States, 
viz.,  those  with  roclc  basins  and  those  with  drift  basins,  only  the 
latter  are  found  in  Indiana.  The  original  bottom  of  these  is  com- 
posed of  an  impervious  clay,  or  mixture  of  clay  and  gravel,  which  is 
probably  nowhere  much  less  than  100  feet  in  thickness.  Upon  this 
bottom  has  been  deposited,  during  the  centuries  which  have  elapsed 
since  the  lake  was  first  formed,  thick  beds  of  muck,  silt  or  marl. 
The  cause  and  manner  of  this  deposition  will  be  noted  farther  along. 
Here  it  is  only  necessary  to  say  that  it  began  the  day  the  lake  came 
into  existence,  has  been  continuous  since,  and  will  go  on  until  the 
lake  becomes  wholly  extinct.  In  other  words,  the  water  of  all  these 
glacial  lakes  was  much  deeper  when  they  were  first  formed  than  now. 

The  lakes  of  Indiana  all  owe  their  origin  to  the  irregular  deposi- 
tion of  the  drift  brought  in  by  the  glaciers.  The  original  hollows 
or  lake  basins  are  the  counterparts  and  complements  of  the  surround- 
ing hills  and  knobs  so  characteristic  of  the  terminal  moraines  of  the 
retreating  ice  sheets.  They  occur  only  in  the  three  northern  tiers 
of  counties  of  the  State,  and  are  found,  for  the  most  part,  in  the 
great  interlobate  moraines  which  lie  between  the  former  borders 
of  the  Michigan,  Saginaw,  and  Erie  ice  lobes. 

Morainic  lakes  are  classified,  according  to  the  shape  of  their  basins, 
into  three  divisions: 

1.  "Kettle-hole^^  lakes  with  round  cauldron-shaped  basins — usu- 
ally of  great  depth.  The  size  of  the  basins  varies  much,  Bull's  Eye 
Lake,  two  miles  north  of  Valparaiso,  Porter  County,  having  an  area 
of  but  one-half  acre,  with  water  45  feet  in  depth,  while  Gage  Lake, 
Steuben  County,  is  one  mile  long  by  three-quarters  of  a  mile  in 
diameter,  with  a  maximum  depth  of  70  feet.  Other  notablt*  examples 
of  the  kettle-hole  form,  described  in  detail  on  subsequent  pages,  are 
Blue  River  Lake,  Whitley  County;  Clear  Lake,  Steuben  County  and 
Pretty  Lake,  Lagrange  County. 

The  origin  or  mode  of  formation  of  the  kettle  holes  in  which 
these  lakes  occur  was  for  a  long  time  a  puzzle  to  geologists,  but  the 
study  of  existing  glaciers  has  revealed  the  process.  During  the  re- 
treat of  the  glacier  from  the  region  where  the  kettle  boles  occur  a 
great  mass  of  ice  was  embedded  in  the  debris  where  each  kettle  hole 
now  exists.  By  its  melting  a  cavity  was  left  the  shape  and  size  of 
which  depended  upon  the  shape  and  size  of  the  ice  block  and  the 
amount  of  drift  originally  covering  it.  If  the  bottom  and  sides  of 
the  resulting  kettle  hole  were  of  a  porous  nature  it  remained  dry; 
but  if  they  were  of  a  stiff,  impervious  clay  it  in  time  became  filled 
with  water  up  to  the  level  of  the  lowest  point  in  its  rim.    If  so  located 
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that  the  annual  rain  fall  exceeded  the  evaporation,  it  became  pos- 
sessed of  an  outlet.  Many  examples  of  kettle-hole  lakes  without 
visible  inlet  or  outlet  are  known.  Among  these,  Walden  Pond,  near 
Concord,  Massachusetts,  made  famous  by  the  writings  of  Thpreau 
and  Emerson,  is  perhaps  most  notable.  There  is  usually  drainage 
enough  from  the  region  around  its  basin  to  balance  the  loss  by  evap- 
oration. 

2.  Channel  lakes,  or  those  with  long  .narrow  basins  whose  bot- 
toms are  very  uneven,  the  water  in  places  forming  deep  pools,  in 
others  being  shallow.  One  of  the  best  examples  of  such  a  lake  in  Indi- 
ana is  Tippecanoe  Lake,  Kosciusko  County,  its  basin  being  five  miles 
long  and  in  most  places  less  than  one-half  mile  wide.  The  irregularity 
of  its  bottom  is  shown  by  the  variable  depth  of  its  waters,  one  of 
its  pools  being  121  feet  deep,  which  is  the  greatest  depth  found  in 
any  Indiana  lake.  Other  noteworthy  examples  are  the  long,  shallow 
arm  of  Crooked  Lake,  Steuben  County;  also  Long  Lake,  Lagrange 
County,  and  Shriner  and  Cedar  lakes,  Whitley  County.  All  of  these 
were  formed  by  the  erosion  of  the  great  streams  which  flowed  from 
the  retreating  and  melting  glaciers.  The  morainic  material  dropped 
by  the  glacier  was  soft  and  loose,  and  the  mighty  stream  rushing 
forth  from  the  base  of  the  melting  ice  ploughed  its  way  through 
this  with  little  opposition.  As  a  result  a  broad  and  deep  channel 
was  left,  whose  mouth  or  lower  end  was  afterward  partially  filled 
by  sediment,  thus  damming  back  the  water  and  forming  the  lake 
of  to-day.  A  stream,  variable  in  size,  usually  forms  the  outlet  of 
these  channel  lakes  and  often  connects  several  of  them  which  occupy 
the  same  valley,  thus  forming  a  chain.  For  example,  the  Tippecanoe 
River  flows  through  the  lake  of  that  name,  above  mentioned,  and 
connects  its  three  basins,  James,  Tippecanoe  and  Oswego,  so  that 
they  practically  form  one  body  of  water. 

3.  "Irregular  lakes/^  whose  basins  are  very  complex  in  outline, 
being  branched,  lobed  and  otherwise  irregular.  The  bottom  is  also 
very  uneven,  deep  pools  of  water  alternating"  with  shallow  areas, 
without  regard  to  order  or  regularity.  The  majority  of  the  lakes 
in  Indiana  belong  to  this  class,  Lake  Maxinkuckee,  Lake  Wawasee, 
Bass  Lake  and  Lake  James,  Steuben  County,  being  the  largest  and 
best  examples.  Each  of  these  lakes  was  doubtless  largely  formed  by 
the  irregular  heaping  up  of  the  drift  about  tlie  area  now  included  in 
its  l)asin,  leaving  this  the  lowest  land  in  the  vicinity.  The  bottom 
and  sides  of  this  low  area  happened  also  to  be  composed  of  an 
impervious  clay  or  other  material  into  which  the  water  did  not  sink. 
Many  low  basins  were  left  by  the  retreating  glacier  which  might 
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have  boconio  lakes  had  their  bottoms  not  been  of  sand,  gravel  or 
other  porous  debris,  which  wouhl  not  hold  water.  There  is  little 
doul)t  but  that  many  of  the  lakes,  bays,  channels,  etc.,  auxiliary  to 
the  main  basins  of  the  lakes  of  this  group,  were  formed  by  erosion 
and  other  agencies  at  the  time  the  surrounding  drift  was  being 
droj)ped  where  it  now  rests. 

A  lake  of  small  size,  like  those  in  Indiana,  begins  to  die  the  mo- 
ment it  is  born.  In  other  words,  its  basin  begins  to  till  with  material 
other  than  water,  and  the  process  of  final  extinction  is  commenced. 
There  are  more  beds  of  extinct  lakes  in  northern  Indiana  to-dav  than 
there  are  existing  ones.  Their  former  basins  are  now  the  sites  of 
extensive  bogs  or  meadows  undcrbiin  by  15  to  20  feet  of  muck  and 
marl.  All  of  the  lakes  now  there  are  in  various  stages  of  existence 
or  extinction. 

The  agencies  which  bring  about  the  extinction  of  lakes  an*  sev- 
eral in  number.  One  is  the  rarrying  iii  of  debris  or  foreiffn  matter 
hy  streams  and  sprlnys.  The  majority  of  the  lakes  are  fed  by  great 
springs  which  well  up  from  the  bottom  and  so  replace  the  water 
lost  by  evaporation.  In  the  early  history  of  the  lakes  the  water 
brought  in  by  these  springs  was  so  strongly  charged  with  salts  of 
lime  that  the  resulting  deposits  of  nuirl  did  far  more  to  fill  up  the 
lake  basins  than  any  debris  of  surface  erosion  brought  in  by  the 
streams.  Those  lakes  which  at  present  are  fed  mainlv  bv  streams 
are  becoming  shallow  nion^  raj)idly  than  those  fed  by  subaqueous 
springs,  as  the  streams  are  much  smaller  than  they  were  a  score  of 
years  ago.  and  are  each  year  lessening  in  size.  The  amount  of  debris 
annually  carried  into  the  lakes  by  streams  and  springs  is  very  much 
less  now  than  when  the  lakes  were  young.  Then  the  surrounding 
material  left  by  the  glacier  was  not  bound  down  and  held  in  place 
by  the  roots  of  trees  and  other  vegetation  but  was  loose  and  readily 
eroded.  The  carbonate  of  lime  and  other  materials  in  the  surround- 
ing high  lands  was  then  soft  and  easily  soluble.  It  is  probable  that 
four-fifths  of  the  marl  now  existing  on  the  bottoms  of  the  lakes  was 
deposited  there  during  the  first  half  of  their  existence. 

The  (irti/in'al  drniunyc  carried  on  by  man  is  a  second  important 
cause  of  tb(»  cxtin(*tion  of  Indiana  lakes.  In  order  to  reclaim  a  few 
hundred  acres  of  adja(»cnt  marsh  land  a  dredged  ditch  is  put  through 
it,  which  cither  taps  the  lake  itstdf  or  allows  its  waters  to  slowly 
seep  away:  or  it  may  be  that  the  ditch  drains  the  principal  water 
snj)i)ly  of  the  lake  and  so  causes  the  latter  to  lose  by  evaporation 
much  more  than  it  receives  from  without.  Bruce  Lake,  Fulton 
County:  High  and  Bear  lakes.  Noble  County,  and  Loon  Lake,  Whit- 
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ley  County,  are  notable  examples  of  former  magnificent  bodies  of 
water,  but  now  mere  mud  holes,  and  made  so  by  the  avaricious  greed 
of  man  for  more  tillable  land.  Many  others  have  lost  half  or  more 
of  their  former  water  area  by  the  same  cause. 

The  decrease  of  water  supply  in  the  vicinity  of  lakes  is  another 
reason  for  their  rapid  extinction.  This  supply  comes  in  the  main, 
if  not  wholly,  from  the  rainfall  of  the  season  which,  soaking  into  the 
earth,  finds  its  way  through  springs  into  the  basins  of  the  lakes, 
or  is  carried  more  immediately  thereto  by  surface  streams.  The 
settlement  of  the  regions  about  the  lakes  caused  most  of  the  timber 
to  be  cut  away,  and  the  land  to  become  so  drained  that  the  water 
flows  rapidly  away  instead  of,  as  formerly,  soaking  into  the  ground 
and  slowly  seeping  its  way  into  underground  currents,  which  finally 
emerged  as  springs  about  the  rim  of  the  lake  or  welled  up  from  its 
bottom.  For  example,  the  outlet  of  Fish  Lake,  Steuben  County, 
"was  gauged  in  August,  1830,  when  its  discharge  was  found  to  be 
much  greater  than  in  the  year  preceding  and  amounted  to  18.64 
cubic  feet  per  second  while  the  discharge  into  it  on  the  same  day 
from  three  small  s])ring  branches  amounted  to  only  4.94  cubic  feet 
per  second.  The  supply,  therefore,  accruing  from  subterraneous 
sources  was  13.70  cubic  feet."*  At  present,  especially  in  those  lakes 
which  have  an  outlet,  the  surplus  water  of  a  heavy  rainfall  is 
carried  away  at  once,  and  the  after  seepage  is  often  not  sufficient 
to  replace  the  loss  by  evaporation. 

The  most  important  cause  of  the  extinction  of  lakes  is,  however, 
the  replacement  of  ilie.ir  water  area  by  muclc,  formed  by  the  decay  of 
aquatic  vegetation.  Tliesc  muck  beds  are  usually  found  upon  the 
west  and  south  shores  of  the  main  basins  of  the  lakes,  the  east 
and  north  shores  having  their  margins  either  of  sand  or  mud,  a  con- 
dition due  to  the  prevailing  westerly  and  southerly  winds,  which 
create  a  stronger  and  more  continuous  breaking  of  the  waves  along 
the  eastern  and  northern  shores  and  so  prevent  the  formation  of 
muck.  The  bays  and  narrow  channels  are  also  more  apt  to  be  choked 
by  vegetation  and  become  filled  with  muck,  on  account  of  the  limited 
extent  to  which  their  waters  are  exposed  to  wave  action.  In  the 
words  of  Dr.  Dryer,  "the  lakes  are  literally  being  filled  with  solidified 
air,  the  great  bulk  of  the  solid  material  which  composes  the  plants 
being  absorbed  from  the  gaseous  ocean  above  and  consigned  to  the 
watery  depths  below."  f 

*  Report  of  Howard  Stansbary,  U.  8.  Engineer,  on  the  "Michigan  and  Wabash  Canal," 
1835,  p.  15. 

tiStudies  in  Indiana  Geography,  p.  60. 
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A  lake  which  has  been  raised  by  damming  its  outlet-  is  more  apt 
to  have  mucky  margins  than  one  which  has  been  lowered,  as  the 
aquatic  plants  take  root  easily  in  the  soil  which  lies  beneath  the 
newly  acquired  water  area.  Where  muck  meadows — former  portions 
of  the  water  area — border  a  lake  the  transition  from  the  species  of 
vegetation  covering  their  surface  to  those  growing  in  the  water  on 
the  outer  edge  of  the  muck  beds  is  a  gradual  one.  In  the  water 
eight  to  12  foet  in  depth,  arc  pondwceds  (Potamogeton),  water  shield 
{Brasenia),  bladderwort  (Utricularia),  and  water-mil  If  oil  (Myrio- 
phyllum).  As  the  wat^r  decreases  in  depth,  first  the  white  water 
lilies  (Casialia)  and  then  the  spatterdock  or  yellow  water  lily  {Nym- 
phwa),  appear.  With  the  latter  are  usually  pickerel  weed  (Pontederia) 
and  often  the  green  arrow-arum  {Pellandra),  A  little  higher  up  and 
growing  in  the  muck  which  reaches  to  or  nearly  to  the  surface  of 
the  water  is  usually  a  thick  bed  of  cat-tails  {Typha)  and  arrow-head 
(Sagilfaria),  while  farther  back  are  the  sedges  and  grasses  of  a  typ- 
ical muck  meadow.  The  most  of  the  muck  in  the  water  is  formed 
by  the  decay  of  the  water  lilies,  especially  the  spatterdock,  whose 
roots,  stems  and  leaves  are  large  and  thick.  The  muck  reaching 
nearly  to  the  surface  of  the  water  is  each  season  crowded  still  higher 
by  the  action  of  the  ice,  while  the  cat-tails,  etc.,  growing  upon  it 
soon  bring  it  wholly  above  the  surface  to  fonn  a  part  of  the  already 
existing  meadow. 

The  water  area  of  every  lake  in  Indiana  is  thus  being  encroached 
uj)on  by  muck,  some  slowly  and  along  only  a  small  portion  of  their 
margins,  others  more  rapidly  and  around  most  of  their  shores.  The 
process  is,  however,  slow  if  measured  by  the  years  of  a  man's  life; 
the  muck  beds  extending  into  the  lake  often  only  a  few  feet  in  a 
century.  One  of  the  best  examples  of  the  almost  complete  extinc- 
tion of  a  lake  by  the  decay  of  plants  is  that  of  Clear  I^ake,  St.  Joseph 
County,  which,  from  a  large,  clear  body  of  water,  had  been  reduced  to 
a  mere  accumulation  of  beds  of  muck,  surrounding  a  pool  of  deep 
water.  Another  exam]>le  is  that  of  Cedar  Lake,  Steuben  County, 
the  former  site  of  which — a  square  mile  or  more  in  area — is  now  a 
muck  meadow.  T*he  water  area  of  those  lakes  which  have  their 
bottoms  mainly  of  marl  or  sand  is  much  less  subject  to  the  encroach- 
ment of  muck  beds,  since  the  aquatic  plants  growing  therein  are  few 
in  number  and  stunted  in  size.  In  the  lakes  with  sand  bottom  the 
species  of  rushes  (Srirpus)  are  often  the  only  aquatic  plants  of 
note,  while  in  several  lakes  whose  bottom  is  composed  wholly  of 
marl,  as  Lime  and  Silver  lakes,  Steuben  County,  no  vegetation  at 
all  is  visible. 
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Like  the  lengths  of  the  eaves  of  southern  Indiana,  the  depths 
of  the  northern  Indiana  lakes  are  greatly  exaggerated  by  the  sur- 
rounding inhabitants.  According  to  their  story,  many  of  them  "are 
bottomless"  or  have  deep  holes  in  which  it  is  "impossible  to  find  the 
bottom."  Their  attempts  at  sounding  were  probably  made  with 
an  ordinary  fishing  line  or  the  butt  end  of  a  cane  pole.  Mr.  Stans- 
bury,  at  the  time  of  his  survey  in  1830,  evidently  took  stock  in  the 
local  stories  regarding  the  depths  of  the  lakes,  as  is  shown  by  the 
following  extract  from  his  report  above  cited:*  "The  country  around 

• 

the  summit  level  in  Steuben  County  abounds  in  small  lakes,  from  a 
half  to  two  miles  in  length,  either  connected  together  in  chains, 
or  separate  and  alone,  without  any  apparent  inlet  or  outlet.  They 
consist  of  the  purest  spring  water,  are  full  of  the  finest  fish,  and  are 
of  immense  depth;  in  ono  of  them,  the  bottom,  as  I  have  been  in- 
formed, was  sought  in  vain  with  a  line  of  250  yards."  No  one  of 
the  local  residents  who  has  such  beliefs  concerning  the  bottomless 
pools  has  ever  brought  up  a  Chinaman's  queue  on  his  fish  hook,  or 
a  new  species  of  fish  from  the  central  regions  of  the  earth.  In  fact, 
the  deepest  water  found  in  any  lake  in  the  State,  and  all  of  them 
have  been  carefully  sounded,  is  121  feet,  in  Tippecanoe  Lake,  Kosci- 
usko County.  Two  or  three  others  have  water  above  100  feet  in 
depth,  but  in  most  of  them  the  deepest  pools  are  less  than  70  feet. 
The  following  is  the  area  and  greatest  depth  of  the  five  largest 
lakes  in  the  State: 

Area  in        Maximum 
Square  Miles.      Depth. 

Lake  Wawasee  or  Turkey  Lake,  Kosciusko 

County 5.66  68  feet. 

Lake  Maxinkuckee,  MarshaU  CJounty 2.97  89  feet. 

Lake  James,  Steuben  County 2.62  87  feet. 

Bass  Lake,  Starke  County 2.23  32  feet. 

Tippecanoe  Lake,  Kosciusko  County 1.61  121  feet. 

In  conclusion  it  may  be  said  that  all  of  the  morainic  lakes  in 
Indiana  are  "geologically  young,  being  confined  to  the  very  latest 
moraines  of  the  glacial  period.  They  are  mere  babes  born  yesterday 
and  destined  to  die  to-morrow.  The  present  dominant  race  of  men 
may  pass  away  and  leave  these  lakes  still  lying  like  bright  jewels 
among  the  hills;  but  every  one  is  doomed  to  final  extinction. 

*Tlie  hills  are  sliadows,  and  they  flow 

From  form  to  form,  and  nothing  stands; 
They  melt  like  mist,  the  solid  lands. 

Like  clouds  they  shape  themselves  and  go.' 


•  Pao  U. 
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"But  of  all  the  features  of  the  landscape,  lakes  are  the  most 
ephemeral.  As  long  as  they  remain  they  will  continue  to  contril)utc 
to  the  service  and  delight  of  man,  by  affording  means  for  that  relaxa- 
tion and  healthful  pleasure  which  the  conditions  of  modern  life 
demand/^* 

MARL. 

As  stated  in  the  paper  on  the  Portland  cement  industry,  the  in- 
gredients used  in  making  that  cement  are  some  form  of  lime-car- 
bonate and  clay.  In  the  majority  of  Portland  cement  works  in  the 
United  States  limestone  is  the  form  of  lime-carbonate  used.  This 
must  be  crushed  and  ground  fine  before  being  utilized.  In  the 
Portland  cement  works  now  in  operation  in  Ohio,  Michigan  and  In- 
diana, marl  is  used  as  the  carbonate  of  lime  ingredient.  With  marl 
the  expense  of  crushing  and  grinding  the  raw  material  is  in  part 
saved,  and  with  care  in  choosing  and  mixing  the  marl  and  clay  a 
good  cement  can  be  manufactured  more  cheaply  than  with  limestone. 

Definition  and  Properties. — Marl,  or  "nierl,"  as  it  is  commonly 
called  in  the  country,  is  a  soft,  earthy  material,  composed  principally 
of  an  amorphous  form  of  carbonate  of  lime.  Its  color  varies  with 
the  percentage  of  impurities  which  it  contains.  In  the  wet  or  damp 
state  in  which  it  occurs  in  lakes  or  marshes,  it  ranges  from  a  milky- 
white  through  varying  shades  of  brownish-yellow  to  a  dark  brown, 
which  may  finally  grade  over  or  merge  into  the  overlying  or  adjacent 
muck.  After  exposure  to  the  air  a  short  time  a  wet  marl  that  at 
first  may  seem  almost  white  turns  a  bluish  or  drab  color,  on  account 
of  some  chemical  change  which  takes  place.  In  drying  the  color  of 
the  marl  tends  to  lighten  again,  but  seldom  gets  beyond  a  light 
dove  color,  and  is  generally  a  decided  drab,  running  from  a  light 
drab  to  a  slate  color.  The  purer  forms,  however,  when  dry,  are  white 
or  slightly  cream  colored.  The  grains  or  particles  composing  tlie 
dry  mass  cohere  very  loosely  and  vary  in  size  from  coarsely  granular 
to  iine  powder.  They  efTervesce  very  freely  and  in  time  wholly  dis- 
appear when  a  few  drops  of  Tiiuriatic  acid  are  applied,  and  in  this 
way  may  be  readily  distinguished  from  any  soft  clay  or  mud,  which 
elTervesces  or  bubbles  but  slightly  or  not  at  all  upon  tlie  application 
of  acid.  On  dissolving  the  marl  in  acids  small  particles  of  vegc^table 
and  other  organic  and  insoluble  materials  usually  remain  scattered 
throughout  the  solution. 


*  Dryer,  Studies  in  Indiana  Qeography,  1897,  p.  59. 
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Occurrence  in  Indiana. — Deposits  of  marl  of  sufficient  size  to 
justify  the  erection  of  cement  factories  occur  in  Indiana  only  in 
the  three  northern  tiers  of  counties.  Small  deposits  are  found  scat- 
tered here  and  there  in  other  portions  of  the  drift-covered  area  of 
the  State,  but  none  have  been  reported  south  of  this  glacial  area. 
The  reason  for  this  is  obvious  and  will  be  noted  when  we  deal  with 
the  origin  of  the  marl. 

Except  in  a  few  instances  where  small  deposits  occur  on  hill- 
sides, where  they  have  been  formed  by  the  seeping  waters  of  springs, 
all  the  beds  of  marl  in  Indiana  are  found  either  in  existing  or  ex- 
tinct lakes.  Many  of  the  deposits  are  found  in  marshes,  now  partly 
or  wholly  dry,  but  easily  recognized  as  former  lakes  or  ponds. 

In  hardness  and  consistency  the  marl  as  it  occurs  in  lakes  resem- 
bles somewhat  soft  butter.  In  some  of  the  marsh  deposits  outside 
of  the  lakes  it  is  firm  enough  to  be  cut  out  in  blocks  and  handled 
with  a  shovel,  but  not  easily  because  of  its  tendency  to  stick  to  the 
shovel.  When  piled  up  it  tends  to  settle  and  spread  slightly,  though 
not  usually  to  such  an  extent  that  it  runs  down  to  a  level  surface. 
Much  of  that  found  about  the  margins  of  lakes  has  the  consistency 
of  common  mortar  when  ready  for  use.  From  the  semi-solid  condi- 
tion found  in  marshes,  it  runs  to  the  other  extreme,  where  it  becomes 
more  like  a  thin  pudding  or  thick  soup.  Some  of  the  water  deposits 
seem,  in  fact,  to  be  only  undergoing  the  process  of  deposition.  From 
a  boat  it  appears  in  such  cases  as  though  the  water  were  only  a  few 
inches  deep.  But  a  very  slight  movement  of  the  water  is  sufficient 
to  either  set  the  apparent  bottom  in  wave-like  motion,  or  to  stir 
it  up  into  a  white  cloud-like  mass,  which  rises  to  the  surface  of  the 
water.  If  allowed,  however,  it  will  quickly  settle  back  to  its  old  con- 
dition. An  iron  bar  will  sink  rapidly  of  its  own  weight  in  such  marl. 
In  such  a  deposit  it  would  seem  as  though  the  marl  did  not  occupy 
over  one-fourth  of  the  space,  the  rest  being  water. 

Usually  the  marl  in  the  lakes  forms  a  distinct  body  from  the  water, 
appearing  like  an  ordinary  lake  bottom,  except  for  its  being  whiter. 
An  attempt  to  wade  out  into  the  water,  however,  at  once  shows 
the  difference,  for  generally  one  sinks  two  or  three  feet  at  every  step, 
and  an  oar  put  down  from  a  ])oat  is  easily  pushed  its  whole  length 
into  the  marl,  provided  the  latter  is  of  sufficient  depth.  Where  it 
is  above  water  or  at  the  surface  in  the  marshes  the  marl  can  usually 
be  crossed  on  foot,  one  not,  as  a  rule,  sinking  more  than  six  inches 
into  it,  and  sometimes  hardly  at  all,  particularly  if  there  has  been 
some  vegetation  growing  on  it.  In  these  places  it  is  often  quite 
difficult  to  force  the  iron  rod  its  full  length,  16  or  more  feet,  into  it, 
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or  withdraw  it  after  being  so  forced  in.  Where  the  marl  in  a  marsh 
is  covered  with  muck  or  peat,  its  upper  surface  is  level  and  wholly 
distinct  from  the  lower  surface  of  the  overlying  muck  or  peat.  The 
marl,  in  other  words,  appears  as  a  distinct  stratum  and  does  not 
merge  irregularly  into  the  overlying  mass.  When  exposed,  this 
marsh  marl  is  usually  whiter  in  color  than  that  in  lakes,  though 
chemical  analyses  do  not  show  it  to  he  of  greater  purity.  Like  the 
more  recent  water  deposits  it  has  usually  remains  of  shells  scat- 
tered through  it,  the  most  common  form  being  the  fresh  water  uni- 
valve— Helisoma  irirohis  Say.  Where  both  muck  and  peat  overlie 
the  marsh  marl,  the  peat  lies  next  to  the  marl,  the  muck  forming 
the  surface  layer.  Sand  or  gravel  underlies  most  of  the  marl  de- 
posits in  Indiana,  though  in  a  few  instances  the  rod  struck  a  tough 
blue  clay  after  passing  through  the  bed  of  marl. 

In  size  the  marl  deposits  of  Indiana  run  from  a  fraction  of  an  acre 
to  several  hundred  or  a  thousand  or  more  acres.  Lake  Wawaaee, 
including  the  arm  known  as  Syracuse  I^ake,  contains  about  1,700 
acres.  Several  deposits  run  over  800  acres,  though  in  some  cases 
this  is  not  all  commercially  available.  Areas  of  100  to  200  acres  are 
still  more  numerous,  though  the  majority  of  the  deposits  run  under 
100  acres.  This  may  be  an  under-estimate  based  largely  on  the  fact 
that  a  large  majority  of  the  deposits  examined  showed  less  than  100 
acres  of  shallow  water  marl  or  commerciallv  available  marl. 

The  thickness  of  the  marl  beds  in  Indiana  varies  from  0  to  45+ 
feet,  a  deposit  of  the  latter  thickness  having  been  found  in  Turkey 
Lake,  Lagrange  County.  Many  deposits  are  everywhere  less  than 
10  feet  in  thickness,  but  the  majority  exceed  16  feet  in  places  and 
often  over  the  major  part  of  their  areas.  As  16  to  20  feet  was  the 
total  length  of  the  rod  used  on  the  lakes,  the  actual  or  maximum 
depth  of  the  marl  beds  was  often  left  unknown.  Experience  has 
shown  that  a  testing  rod  16  or  18  feet  in  length  is  as  long  as  one 
man  can  readily  handle  in  an  open  boat.  Where  greater  lengths 
are  used  a  platform  is  usually  built  over  two  boats  and  this  being 
securely  anchored,  two  or  more  men  can  make  the  tests.  By  such 
means,  according  to  the  map  furnished  of  tests  on  Syracuse  Lake, 
Kosciusko  County,  depths  of  60  feet  were  reached  with  a  maximum 
thickness  of  marl  of  40  feet  and  bottom  not  reached.  Depths  of 
25  to  30  feet  or  over  were  reported  at  several  places.  From  our 
own  experience  it  seems  safe  to  say  that  a  large  majority  of  the  de- 
posits have  a  maximum  depth  of  over  20  feet,  even  though  the  area 
of  the  deposit  be  quite  limited. 
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Origin  and  Deposition  of  Marl. — The  deposition  of  marl  in 
the  still  water  of  lakes  and  ponds  is,  as  yet,  not  fully  understood 
by  scientists.  Several  theories  have  been  advanced,  no  one  of  which 
seems  to  fully  account  for  the  deposits  as  they  actually  occur.  Since 
the  remains  of  several  existing  species  of  shells  are  foimd  in  abun- 
dance in  almost  all  of  the  marl  beds,  it  was  at  first  thought  that  the 
marl  itself  was  derived  from  the  remains  of  such  shells.  Such  is  at 
present  the  belief  of  most  people  who  have  made  only  a  superficial 
examination  of  the  marl  deposits.  An  extended  investigation  soon 
shows  that  the  immense  size  and  thickness  of  the  deposits  precludes 
their  origin  from  the  remains  of  shells.  A  small  portion  of  the  marl 
is  doubtless  formed  from  the  shells  since  these  mollusca  exist  in  num- 
bers in  all  bodies  of  fresh  water.  Moreover,  the  shells  are  composed 
mainly  of  carbonate  of  lime,  the  same  as  is  the  marl.  But  the  number 
of  shells  imbedded  in  the  marl  is  not  greater  than  would  naturally 
exist  in  the  waters  of  the  lake  at  the  time  the  marl  was  being  de- 
posited. As  they  died  the  majority  of  them  were  covered  with  the 
marl  and  were  by  it  kept  from  being  ground  into  fine  powder  by 
wave  action.  Some  of  them  were  doubtless  so  ground  and  their 
remains  went  to  swell  the  bulk  of  the  marl,  but  not  more  than  one 
per  cent,  of  the  latter  is,  in  our  opinion,  so  derived.  When  the  marl 
is  exposed,  numerous  nearly  entire  fragile  shells  are  found  embedded 
in  its  mass.  Should  the  marl  beds,  in  the  course  of  ages,  become 
hardened  into  stone,  such  shells  might  become  "fossils,"  and  bear  the 
same  relation  to  the  marl-stone  as  other  fossils  bear  to  the  beds  of 
limestone  in  which  they  occur.  It  is,  of  course,  preposterous  to  think 
that  any  bed  of  limestone  is  wholly  formed  from  the  crushed  remains 
of  the  same  species  of  shells  as  those  which  have  become  fossilized  in 
its  midst,  however  abundant  the  latter  may  be.  The  same  is  true 
of  the  deposits  of  marl. 

Since  the  marl  occurs  only  in  the  drift-covered  area  of  Indiana, 
and  the  larger  beds  are  found  in  the  vicinity  of  the  thicker  deposits 
of  drift,  there  is  evidently  a  close  relation  between  the  marl  and  the 
surrounding  drift.  A  careful  study  of  the  marl  leads  to  the  belief 
that  this  relation  is  two-fold  in  nature.  First,  the  lakes  and  ponds 
in  which  the  marl  is  being  and  has  been  deposited  occupy  depressions 
formed  by  the  irregular  deposition  of  the  drift.  Second,  the 
immediate  source  of  the  marl  is  the  glacial  clays  which  form  so 
large  a  component  part  of  the  surrounding  drift.  These  clays  were 
transported  to  and  deposited  where  they  now  lie  by  a  great  glacier 
or  moving  sea  of  ice  which,  thousands  of  years  ago,  was  formed  in 
the  regions  to  the  east  and  south  of  Hudson's  Bay.     The  climate 
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of  those  regions  was,  for  a  long  period,  similar  to  that  of  Greenland 
to-day,  or  even  colder.  The  snow,  ever  falling,  never  melting,  ac- 
cumulated during  hundreds  of  centuries  in  one  vast  field  of  enor- 
mous thickness.  Near  the  bottom  of  this  mass  a  plastic,  porous  sort 
of  ice  was  gradually  formed  from  the  snow  by  the  pressure  from 
above.  This  ice  mass  or  glacier  took  upon  itself  a  slow,  almost 
imperceptible,  motion  to  the  south  and  southwestward.  As  it  moved 
thus  onward  great  masses  of  partly  decayed  rock  and  clay  from 
hillsides  and  jutting  cliffs  rolled  down  upon  it  and  were  carried  on 
and  on  until,  by  the  melting  of  their  icy  steed,  they  were  dropped 
hundreds  of  miles  from  the  parent  ledge.  Large,  irregular  masses 
of  rock  from  the  region  in  which  the  glacier  was  formed  were  either 
frozen  into  its  nether  portion  or  rolled  along  beneath  it,  and  as 
the  ice  sheet  moved  they  served  as  great  stone  drags,  grinding  down 
and  smoothing  off  the  hills  and  ridges  and  filling  up  the  valleys, 
until  the  irregular,  uneven  surface  of  the  old  preglacial  rocks  was 
planed  and  polished.  In  this  way  all  the  beds  of  so-called  "drift 
clays"  were  accumulated  where  they  lie. 

Transported  and  deposited  as  they  were,  it  is  no  wonder  that  the 
majority  of  the  drift  clays  are  too  impure  for  any  use  but  the  making 
of  ordinary  brick  and  drain  tile,  and  oftentimes  they  contain  too 
much  lime  even  for  this  purpose,  numerous  analyses  showing  the 
presence  of  as  high  as  40  per  cent,  of  calcareous  material,  lliis  is 
due  to  the  grinding  up  and  mixing  with  the  clays  much  of  the  soft 
surface  limestones  over  which  the  glacier  passed,  as  the  erosion  of 
that  epoch  not  only  removed  and  commingled  the  previously  formed 
residual  deposits,  but  planed  away  the  country  over  a  vast  area  to 
a  greater  depth  than  had  been  reached  by  any  previous  decay.  These 
eroded  limestones  and  the  clays  with  which  they  were  mixed  were 
many  of  them  ground  into  impalpable  powder,  and  deposited  as 
rock  flour  in  the  places  where  they  now  lie.  They  are  rich,  there- 
fore, in  finely  divided  limestone  and  other  soft  rock-forming  minerals, 
many  of  which  contain  the  components  of  marl. 

Vast  deposits  of  these  glacial  clays  compose  the  hills  and  higher 
ground  surrounding  the  lakes.  Upon  these  deposits  the  rain  of 
centuries  has  fallen,  gathering  unto  itself  before  it  reached  the  earth 
a  part  of  the  gaseous  carbon  di-oxide  of  the  air.  Kain  water  con- 
taining carbon  di-oxide  is  a  weak  form  of  carbonic  j'cid  (Il.O-f-CO^,^^ 
H2CO3).  This  weak  acid  or  aeiduhitod  water,  wherever  it  comes  in 
contact  with  limestone  dissolves  and  liokls  in  solution,  up  to  a  cer- 
tain point,  the  carbonate  of  lime;  the  result  })eing  calcium  bi-car- 
bonate    according    to    the    following    formula:      H2C08+CaC03= 
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CaH2(C03)2.  Percolating  through  the  deposits  of  glacial  clays  and 
limestone  debris  the  rain  water  dissolves  and  becomes  saturated  with 
the  carbonate  of  lime.  It  then  flows  onward  underground  until  it 
issues  forth  in  ihe  form  of  a  spring,  either  bubbling  up  from  the 
bottom  of  the  lake  or  flowing  in  from  the  side. 

This  spring  water  as  it  enters  the  lake  is  always  colder  than  the 
waters  of  the  lake  itself.  ITie  bi-carbonate  of  lime  is  more  soluble 
in  cold  water  than  in  warm  and  a  part  of  the  dissolved  material  is 
therefore  precipitated  in  the  form  of  a  fine  powder  soon  after  the 
cold  stream  enters  the  warmer,  still  water  of  the  lake.  Such  precipi- 
tation of  calcium  carbonate  from  cold  water  as  it  becomes  warm 
is  seen  every  day  in  almost  every  household.  The  hard  water  heated 
in  tea-kettles  holds,  while  cold,  a  large  quantity  of  bi-carbonate  of 
lime  in  solution.  As  it  becomes  warm  much,  if  not  all  of  this,  falls 
and  forms  a  coating  of  lime  upon  the  bottom  of  the  kettle. 

Again,  if  there  is  a  large  amount  of  carbon  di-oxide  in  the  percol- 
ating water,  the  percentage  of  carbonate  of  lime  held  in  solution 
will  be  increased  in  proportion.  As  the  spring  water  enters  the  lake 
and  rises  to  the  surface  the  pressure  will  be  decreased  and  a  part  of 
the  carbon  di-oxide  will  escape,  and  so  cause  :i  precipitation  of 
another  part  of  the  bi-carbonate  of  lime  according  to  the  following 
formula:     CaH^lCOa),— C0,=CaC03+  H,0. 

Most  if  not  all  of  the  marl  lakes  examined  in  Indiana  are  fed  by 
these  subterranean  or  sub-aqueous  springs,  even  though  they  have 
streams  entering  and  leaving  them.  The  larger  deposits  of  marl  in 
the  lakes  are  found  in  close  proximity  to  these  springs  and  not  along 
the  direction  of  the  current  of  water  entering  by  inlet  or  leaving 
by  outlet.  In  fact  almost  every  lake  which  has  a  stream  entering  it 
has  a  larg(?  area  of  its  bottom  adjacent  to  the  inlet  covered  with  muck 
and  silt  from  which  much  aquatic  vegetation  springs.  A  part  of  this 
nmck  and  the  most  of  the  silt  is  brought  in  by  the  entering  current, 
especially  if  the  latter  be  in  any  way  raj)id.  Where  the  inlet  is 
sluggish  and  runs  through  a  marshy  area,  more  or  less  marl  is  often 
found  along  its  bottom,  quite  a  distance  back  from  the  lake.  Tliese 
facts  do  not  bear  out  the  following  statement  of  a  recent  writer  on 
the  subject:  ^'Theoretically,  then,  some,  if  not  a  great  part  of  the 
dissolved  matter,  should  be  thrown  down  along  the  courses  of  the 
streams  which  connect  the  original  outlets  of  the  water  from  cal- 
careous clavs  and  lakes  where  marl  occurs,  and  we  should  find  the 
marl  occurring  in  small  deposits  along  these  streams  wherever  there 
is  slack  water.  Moreover,  we  should  expect  the  waters  of  these 
springs  and  streams  to  show  more  or  less  milkiness  on  standing 
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exposed  to  the  normal  pressure  of  the  atmosphere  at  usual  tempera- 
tures. Actually,  however,  none  of  these  phenomena  have,  been 
noted,  and  we  infer  that  there  is  not  a  large  amount  of  carbon  di- 
oxide, and  not  an  approach  to  the  saturation  point  for  the  calcium 
bi-carbonate,  in  the  springs  and  streams  feeding  marly  lakes."* 

Mr.  Davis  evidently  does  not  take  into  account  the  fact  that  most 
of  the  marl  enters  the  lakes  by  means  of  hidden  springs  and  not  by 
the  streams  or  inlets  flowing  above  ground.  The  waters  of  the  latter 
are  mainly  surface  waters  which  are  gathered  from  over  a  wide  area. 
They  have  not  percolated  to  any  great  extent  deep  beds  of  glacial 
clays  and  therefore,  even  if  the  amount  of  carbon  di-oxide  were  great 
when  the  water  fell  upon  the  surface,  the  amount  of  carbonate  of 
lime  or  marl  material  held  in  solution  is  small.  Moreover,  flowing 
as  they  do  exposed  to  the  air  for  long  distances  the  carbon  di-oxide  - 
will  in  great  measure  have  escaped  before  the  waters  of  the  surface 
streams  enter  the  lakes.  Again,  the  amount  of  carbonate  of  lime 
held  in  solution  by  water,  even  where  the  latter  is  saturated  with 
carbon  di-oxide,  is  too  small  to  show  appreciable  milkiness  when 
standing.  According  to  T.  Sterry  Hunt,  water  so  saturated  will 
not  hold  more  than  one  part  in  one  thousand  of  the  carbonate  of  lime, 
and  pure  water  only  one  part  in  thirty  to  fifty  thousand,  f  For  this 
reason  the  process  of  deposition  of  the  marl  in  the  lakes  is  necessarily 
a  very  slow  one.  It  has  been  going  on  for  hundreds  of  centuries, 
for  the  lakes  and  their  surrounding  beds  of  glacial  debris  have  been 
in  existence  since  the  close  of  the  glacial  period.  It  was  probably 
much  more  rapid  in  the  past  than  at  the  present  for  the  more  soluble 
materials  composing  the  glacial  clays  were  doubtless  first  removed 
by  the  filtering  waters.  That  the  deposition  is  still  going  on  is  shown 
by  the  fact  that  many  of  the  living  organisms  of  the  lakes,  as  shells 
and  aquatic  plants,  are  coated  with  the  marl.  All  facts  go  to  show 
that  the  beds  of  marl  have  been  formed  in  much  the  same  manner 
as  have  many  of  the  beds  of  fine-grained  limestone  of  paleozoic 
age.  They  are  both  sedimentary  deposits,  the  principal  difference 
being  that  the  limestones  are  composed  mainly  of  the  remains  of 
minute  organisms  which  slowly  fell  in  great  masses  to  the  bottom  of 
the  sea  water,  and  were  afterward  covered  with  a  different  sediment 
and  hardened  by  pressure  and  other  forces.  Given  thousands  of 
years  and  similar  conditions,  and  the  marl  would  also  be  changed 
into  a  somewhat  similar  limestone. 


^'Ghaa.  A.  Davis,  "The  Natural  History  of  Marl,"  Journal  of  Geology,  VIII,  1900, 
p. 486. 

t  Chem.  and  Geol.  Essays,  p.  139. 
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Another  factor  which  reduces  the  ainomit  of  carbon  di-oxide  in 
the  entering  waters  and  therefore  causes  a  farther  deposition  of  the 
marl,  is  undoubtedly  the  aquatic  plants  which  grow  in  many  of  the 
marl-bearing  lakes.  Any  one  who  studies  the  botany  of  such  a  lake 
soon  notes  that  the  stems  of  many  of  the  submerged  plants  are  en- 
crusted with  mineral  matter,  which,  when  removed  and  subjected 
to  acids  is  easily  shown  to  be  carbonate  of  lime.  '*It  is  also  easy  for 
a  casual  observer  to  see  that  the  deposit  is  not  a  true  secretion 
of  the  plant,  for  it  is  purely  external,  and  is  easily  rubbed  off  the  out- 
side of  the  plants  in  flakes,  while  the  tissues  beneath  show  no  injury 
from  being  deprived  of  it,  and  again,  the  same  species  of  plants  in 
some  sections  of  the  country  do  not  have  any  mineral  matter  upon 
them.  The  deposit  is  formed  incidently  by  chemical  precipitation 
upon  the  surface  of  the  plants,  probably  only  upon  the  green  parts, 
and  in  performance  of  normal  and  usual  processes  of  the  plant 
organism. 

All  green  plants,  whether  aquatic  or  terrestrial,  take  in  the  gas, 
carbon  di-oxide,  through  their  leaves  and  stems,  and  build  the  carbon 
atoms  and  part  of  the  oxygen  atoms  of  which  the  gas  is  composed 
into  the  new  compounds  of  their  own  tissues,  in  the  process  releasing 
the  remainder  of  the  oxygen  atoms."  When  the  carbon  di-oxide  is 
removed  from  the  surrounding  water  by  the  aquatic  plants  the  car- 
bonate of  lime,  held  in  solution  on  account  of  the  presence  of  the  gas, 
is  precipitated.  A  part  falls  upon  and  encrusts  the  leaves  and  stems 
of  the  plants.  Another  part  falls  to  the  bottom  and  increases  the 
thickness  of  the  marl  bed  in  which  the  plants  have  grown.  When  the 
plants  die,  their  encrustation,  as  well  as  the  oi:ganic  matter  in  their 
bodies,  is  also  added  to  the  marl  deposit. 

The  principal  plants  which  thus  aid  in  the  deposition  of  marl  in 
Indiana  lakes  are  the  different  species  of  Stoneworts  or  Chara. 
They  are  easily  recognized  by  "their  jointed  stems,  which  have  at 
each  joint  a  whorl  of  radiating  branches,  which  are  also  jointed.  In 
some  species  the  stems  and  branches  are  covered  with  a  thick  coat- 
ing of  mineral  matter,  are  almost  white,  and  very  brittle  because  of 
this  covering.  These  plants  not  only  grow  near  the  surface  of 
shallow  water,  where  it  is  unoccupied  by  other  plants,  but  in  the 
deeper  parts  as  well  of  our  ponds  and  lakes,  and,  as  they  thrive 
where  the  light  is  feeble,  they  continue  to  grow  throughout  the  year, 
although  in  winter  they  must  grow  less  rapidly  than  in  summer, 
because  ice  and  snow  on  the  surface  of  the  lakes  make  less  favor- 
able light  conditions.*'* 

*  Daris,  loe,  eit.,  p.  491. 
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However,  not  more  than  one-half  of  the  marl  lakes  of  this  State 
possess  the  beds  of  Stone  wort  in  any  abundance.  Again,  the  species 
of  Chara  are  often  found  in  lakes  which  contain  no  marl  or  in  those 
portions  of  marl-bearing  lakes  remote  from  the  marl  itself.  Where 
])resent  in  large  quantity  tlie  stems  of  these  plants,  as  they  die  and 
decay,  add  much  organic  matter  to  the  marl  and  so  cause  it  to  be  in- 
ferior in  quality.  In  fact,  all  marl  deposits  covered  with  Chara  are 
darker  in  color  and  show  a  smaller  amount  of  carbonate  of  lime 
when  analyzed  than  do  those  (h^void  of  plant  life.  Some  of  the 
larger  and  thicker  deposits  of  the  whitest  and  purest  marl  in  the  State 
are  found  in  Lime  and  James  Lakes,  Steuben  County,  and  Tippe- 
canoe and  Dewart  J^akes,  Kosciusko  County,  where  Chara  and  other 
plants  are  almost  wholly  absent,  thus  showing  that  the  presence  of 
plant  life  is  not  necessary  to  the  dejmsition  of  the  marl. 

Anotlicr  group  of  plants  which  evidently  aid  in  the  depositing  of 
the  marl  are  some  of  tlie  low^r  forms  of  Algae.  The  cells  of  these 
are  found  in  great  numbers  intermingled  with  the  particles  of  marl 
in  the  encrustation  on  shells  and  in  the  concretions  and  pebbles  of 
carbonate  of  lime  found  in  James  and  neighboring  lakes,  Steuben 
County,  and  in  ]Milford  Lake,  Kosciusko  County. 

Summary. — From  the  foregoing  statements  we  therefore  conclude: 

First. — That  the  marl  deposits  of  Indiana  have  been  formed  in  the 
still  waters  of  lakes  now  in  existence,  or  in  former  lakes,  now  ex- 
tinct. 

Seco7id. — That  the  original  source  of  the  marl  material  is  the 
glacial  clay  in  the  region  surrounding  the  lakes. 

Third. — That  the  d(»position  of  the  marl  is  caused  by  the  loss  of 
carbon  di-oxid(»  from  the  sub-aqueous  s])ring  waters  which  bear  the 
marl  material  into  the  lakes. 

Fourth. — That  this  loss  of  carbon  di-oxidc  is,  for  the  most  part, 
caused  in  three  wavs,  viz.: 

(a)    Hy  the  increase  in  teniiHM'aturo  of  tlie  iiicoininj?  spriiij;  water. 

(h)  By  the  decrease  in  jiressiu'e  as  the  ifprinjr  water  rises  to  the  sur- 
face of  the  lake. 

(<•)  Hy  the  action  of  diflPerent  aiiuatie  plants  in  abstracting  the  carbon 
dioxide  for  food. 

Rklation  of  Mahl  to  Depth  of  Watek. — One  of  the  most  strik- 
ing facts  brouglit  out  in  a  detailed  study  of  the  marl  deposits  is  the 
great  irregularity  in  their  occurrence.  One  part  of  a  lake  or  marsh 
mav  contain  a  bed  of  marl  16  feet  or  more  in  thickness  while  in  an- 
other  part,  10  to  '^0  rods  distant,  it  may  be  wholly  lacking.     This 
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irregularity  is  doubtless  largely  due  to  the  presence  or  absence  of 
sub-aqueous  s])rings.  If  they  are  absent  in  a  lake  and  the  latter  is 
fed  onlv  bv  surface  streams,  there  will  be  little  or  no  jnarl  found  in 
its  bed.  One  part  of  a  lake  may  have  a  number  of  these  springs 
welling  up  from  the  bottom  or  flowing  in  so  as  to  enter  the  lake  bed 
where  the  water  is  six  feet  or  more  in  depth,  and  in  other  portions 
of  the  same  lake  they  may  be  wholly  absent.  Under  such  condi- 
tions, if  the  lake  be  a  large  one,  only  that  portion  of  its  bed  adjacent 
to  the  springs  will  likely  be  covered  with  marl.  If  it  be  small,  the 
whole  bottom  may  be  covered,  but  the  thickness  of  the  deposit  will 
be  variable. 

In  the  (earlier  Geological  Reports  of  Indiana,  the  marl,  when  men- 
tioned, was  usually  described  as  ''composing  the  shore,"  or  "bor- 
dering the  lakes,"  or  as  "occurring  around  their  jnargins,"  thus  giv- 
ing the  impression  that  it  was  coniined  to  the  shallow- w^ater  area  of 
the  lake,  or  occurred  only  between  the  limits  of  high  and  low  water. 
Recent  tests,  however,  have  shown  marl  to  occur  at  probably  all 
depths  of  water,  and  with  often  greater  thickness  of  marl  in  deep 
water  than  in  8hallow\  No  data  were  obtained  concerning  the  char- 
acter of  the  bottom  at  depths  of  100  feet  or  over.  Perhaps  the 
greatest  depth  at  which  we  have  data  of  the  occurrence  of  marl  is 
in  Turkey  or  Wawasee  l^ake,  Kosciusko  County,  where,  in  the 
plankton  survev  carried  on  bv  Mr.  (^hancey  Judav,  marl  was  found 
under  all  the  deepr'r  water  up  to  (19  feet,  the  deepest  point  in  the 
lake.  Interpreting  this  in  the  light  of  our  knowledge  of  shallower 
lakes  it  leads  us  to  the  (conclusion  that,  as  a  rule,  the  marl  occurs 
abundantly  in  the  deeper  water  of  all  the  lakes  where  it  occurs  at 
all.  In  a  few  of  the  lakes  this  rule  did  not  appear  to  apply,  for  the 
marl  found  close  to  shore  appeared  to  thin  out  in  10  to  15  feet  of 
water.  This  was  probably  due  to  the  fact  that  but  few  sub-aqueous 
springs  entered  such  lakes  and  they  only  along  the  sides  in  the 
shallow  water.  It  is  possible  a  similar  thinning  out  takes  place  in 
many  other  instances  at  depths  too  great  for  the  fact  to  be  observed 
with  the  facilities  at  our  connnand.  But  in  general  the  data  seem 
to  indicate  not  only  a  deepening  of  the  marl  toward  deeper  water 
but  a  more  wide-spread  distribution.  Thus  in  many  lakes  the  distri- 
bution of  the  marl  close  to  shore  is  irregular  so  that  perhaps  not 
more  than  half  of  the  three-foot  water  has  marl  under  it,  but  in  nearlv 
every  such  case  it  was  found  that  the  eight  or  ten- foot  water  is  almost 
all  underlain  with  a  thick  deposit  of  marl.  At  present  this  deep 
water  marl  is  considered  unavailable  for  manufacturing  cement, 
but  there  can  be  but  little  question  that,  as  need  arises,  means  will 
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be  devised  for  securing  it  with  at  least  fair  economy.  It  should  be 
therefore  taken  into  account  in  any  calculation  of  the  quantity  of 
marl  in  a  deposit. 

In  some  cases  the  accumulation  of  marl  has  almost  or  quite  tilled 
up  the  lake.  This  is  notably  true  in  what  are  now  marshes.  In 
such  cases  it  is  evident  that  the  marl  is  thickest  at  the  points  where 
Ihe  water  was  deepest  when  the  marl  began  to  deposit.  In  small 
lakes  which  have  been  rccentlv  drained,  it  is  also  found  that  the 
thickest  beds  of  marl  underlie  those  portions  of  the  fornu»r  lake 
over  which  the  deepest  water  occurred.* 

In  any  case  it  is  evident  that  the  thickness  of  the  marl  is  limited 
by  the  depth  of  the  sub-marl  surface  below  the  water  surface.  For 
this  reason,  even  though  accumulation  is  most  rapid  in  the  shallow 
water,  the  water  surface,  and  hence  the  limit  of  accumulation,  is 
more  quickly  reached,  so  that  the  slower  accimiulations  in  deeper 
water  may  continue  until  many  times  as  thick  as  those  in  shallow 
water.  In  those  cases  where  a  lake  becomes  entirely  filled  up, 
the  thickness  of  the  marl  at  every  point  will  be  equal  to  the  original 
depth  of  the  water  at  every  point,  except  as  modified  by  changes 
in  the  water  level.  These  conditions  are  frequently  met  with  close 
to  shore  in  unfilled  lakes.  Here,  however,  on  account  of  wave  action 
the  surface  of  the  marl  seldom  reaches  the  surface  of  the  water 
except  just  at  the  shore  line. 

Marl  islands,  reaching  almost  or  quite  to  the  surface  of  the  water, 
are  often  found  in  the  deeper  parts  of  the  lakes.  Sometimes  there 
is  a  visible  connection  of  marl  under  water,  between  these  islands 
and  the  nearest  shore.  Again  they  are  quite  isolated  from  other  beds 
of  marl.  In  either  case  they  are  probably  above  and  surrounding 
the  orifice  of  a  former,  large  sub-aqueous  spring  which  bubbled  up 
from  the  bottom  of  the  lake. 

Where  the  bed  or  basin  of  the  lake  is  narrow  and  deep,  it  is  mani- 
fest that  the  majority  of  the  springs  feeding  it  must  enter  from  the 
sides.  In  such  cases  the  larger  and  thicker  deposits  of  marl  natu- 
rally occur  around  the  margin  and  it  is  probable  that  much  of  the 
marl  after  deposition  is  gradually  carried  down  to  fill  up  the  deeper 
parts  of  the  lake. 

AVhile  complete  detailed  drillings  of  a  number  of  the  deposits 
would  be  desirable,  we  are  fortunate  in  having  one,  that  of 
Syracuse  Lake,  Kosciusko  County.  One  of  the  most  notable 
things  shown  by  the  detailed  drilling  in  this  lake  is  the  tendency 

*See  detailed  descriptions  of  deposits  at  Houghton  Lake,  Marshall  Coaiity:  Shallow 
Lake.  Steaben  Coontyt  etc. 
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towards  filling  up  the  hollows  of  the  sub-marl  surface.  In 
several  eases  this  has  progressed  until  deep  hollows  have  been 
filled  up  even  with  the  marl  over  the  higher  ground  on  either 
side,  so  that  no  hint  of  the  greater  depth  of  the  marl  is  given 
by  the  present  depth  of  the  water.  From  this  we  deduce  that  the 
deepest  marl  is  probably  found  in  places  where  the  water  was  deepest 
when  the  marl  began  to  be  deposited;  also  that  the  present  depth 
of  the  water  may  or  may  not  be  an  indication  of  the  greater  or  less 
depth  of  the  marl.  Where  the  lake  had  originally  a  uniform  basin- 
shaped  bottom  it  would  generally  be  true  that  the  deeper  the  water 
to-day  the  deeper  the  marl.  But  the  bottom  of  most  of  the  lakes 
examined  was  very  irregular  in  shape,  hence  some  of  the  deepest 
original  depressions  may  have  bed^  so  completely  filled  as  to  be  in 
no  wise  indicated  by  the  present  depth  of  the  water. 

Finally  it  may  be  stated  that  the  facts  gathered  go  to  show  that 
most  of  the  larger  lakes  possessing  extensive  deposits  of  marl  are 
slowly  filling  up  the  lowest  depressions,  thus  making  the  bottoms  of 
the  lakes  more  and  more  level.  Should  this  process  continue  in- 
definitely it  could  but  result  in  these  lakes  being  filled  level  full, 
just  as  many  of  the  smaller  lakes  of  the  State  have  been  filled  here- 
tofore. 

Size  op  a  Workable  Deposit. — In  the  Portland  cement  industry, 
a  cubic  yard  of  marsh  marl,  of  the  consistency  of  soft  putty,  is  used 
in  making  two  barrels  of  cement.  Where  the  marl  is  dredged  from 
a  lake,  and  contains  much  water,  this  proportion  is  necessarily 
greater.  Careful  estimates  go  to  show  that  an  acre  of  marl  three  feet 
in  thickness  will  make  10,000  barrels  of  cement.  From  this  data 
the  lehgth  of  time  necessary  to  exhaust  any  deposit  can  be  readily 
computed.  At  the  present  time  a  factory  with  an  output  of  500 
barrels  of  cement  each  24  hours,  is  considered  of  only  medium  size. 
As  the  process  is  a  continuous  one,  with  no  stop  for  Sundays  or  holi- 
days, such  a  factory  will  use  a  bed  of  marl  nine  acres  in  area  and 
six  feet  in  thickness  each  year. 
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The  following  table  gives  approximately  the  length  of  time  which 
deposits  of  varying  area  and  thickness  will  last  a  factory  whose  out- 
put is  500  barrels  of  cement  daily: 

Area  in  Acres,    ThieknesB  in  Feet.     Barrels  of  Cement.  Time, 

1                       3  10,000  20     days. 

1                       6  20,000  40     days. 

1  12  40,000  80      days. 

1  18  60,000  120      days. 

9                        G  180,000  1      year. 

40  12  1,600,000  8.9  years. 

120  12  4,800.000  26.5  years. 

1'^  12  5,400.000  :M)      years. 

160  10  5,333,000  29.6  years. 

200  10  6,666,000  36.5  years. 

90  18  5,400,000  30      years. 

270                         6  5,400,000  30      years. 

Since  a  modern  cement  factory  with  a  capacity  of  500  barrels 
daily  costs  in  the  neighborhood  of  $350,000,  the  company  erecting  it 
wish  a  deposit  of  marl  in  sight  which  will  last,  at  least,  30  years. 
From  the  table  we  note  that  a  deposit  equal  to  160  acres,  10  feet 
in  thickness,  will  last  almost  30  years,  and  such  a  deposit  will,  in  this 
report,  be  termed  a  "workable  deposit."  It  is  needless  to  say  that 
the  great  majority  of  deposits  examined  were  too  small  to  be  work- 
able except  on  a  very  small  scale.  The  time  may  come  when  by  im- 
proved processes  the  amount  of  capital  necessary  to  manufacture  the 
cement  will  be  materially  decreased.  Small  factories  may  then  be 
erected  and  the  lesser  deposits  utilized.  Again,  there  is  no  doubt 
but  that  a])pliaiircs  will  ere  long  be  perfected  for  securing  the  marl 
from  beneath  all  water  20  to  60  feet  in  depth.  The  amount  of  avail- 
able marl  will  then  be  greatly  increased,  and  a  nnmber  of  deposits 
not  now  considered  workable  will  then  be  utilized. 

Uses  of  Marl. — The  marls  found  in  Indiana  can  be  used  for  the 
following  purposes: 

First. — As  an  ingredient  in  the  manufacture  of  Portland  cement. 

Second. — As  a  fertilizer  of  soils. 

Third. — As  a  means  of  ini]u-oving  the  mechanical  condition  of 
clavev,  sandv  or  ])eatv  soils. 

Fnurlh. — As  a  mineral  food  for  poultry,  furnishing  them  the  neces- 
sary ingredient  for  shells  of  eggs. 

Fifth. — As  a  polishing  powder. 

Sixth. — As  a  material  for  the  manufacture  of  quicklime. 

Serenth. — In  the  place  of  limestone  in  the  manufacture  of  beet 
sugar. 


Illustiutino  Ubeb  or  Portland  Ceuent. 

Hif  hw»r  Brldn,  coaitraodd  of  Portland  CemsDt  CoDcrel*. 
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These  possible  uses  will  be  taken  up  in  the  order  mentioned  and 
briefly  discussed. 

First. — Its  use  ^'As  an  ingredient  in  the  manufacture  of  Portland 
cemenf  has  been  fully  discussed  on  preceding  pages.  Many  farmers 
who  have  only  20  to  60  acres  of  marl  have  written  to  this  Department 
asking  for  directions  for  making  Portland  cement,  intending  to  use 
their  deposit  for  this  purpose.  It  will  be  evident,  from  what  has  been 
said,  tliat  it  will  not  be  practicable  to  utilize  such  small  deposits  for 
the  manufacture  of  cement. 

Second. — ''As  a  Fertilizer  of  Soils.''  A  fertilizer  is  any  material 
which  furnishes  a  Jiccessary  plant  food  to  soils.  It  is  well  known 
that  wheat  or  any  cereal  uses  as  food  the  following  chemical  elements, 
viz.,  carbon,  hydrogen  and  oxygen,  which  are  derived  mainly  from  the 
air  and  water  and  which  make  up  the  greater  bulk  of  the  grain  and 
stalk;  and,  in  addition  to  these,  nitrogen,  sulphur,  potash,  soda,  lime, 
magnesia,  phosphoric  acid,  chlorine  and  silicon,  which  are  important, 
yea  absolutely  necessary,  constituents. 

If  any  one  of  these  is  lacking  in  the  soil,  or  is  present  in  a  form 
not  available  by  the  wheat  roots,  the  plants  will  not  flourish,  and  the 
soil  will  be  worthless  for  wheat  production.  Such  a  soil  may,  in  most 
cases,  be  made  to  produce  a  crop  of  grain  by  adding  to  it  the  con- 
stituent which  is  lacking,  but  if  this  can  not  be  done  except  at  a  pro- 
hibitory cost,  or  one  at  which  more  fertile  ground  can  be  procured, 
the  soil  may  be  regarded  as  "worn  out"  or  ^'barren." 

Any  compound  containing  in  an  available  form  the  element  or 
elements  of  plant  food  lacking  in  a  soil,  is  a  fertilizer.  I^Vom  the 
analyses  of  Indiana  marls  which  will  be  given,  it  will  be  SQen  that 
their  principal  constituent  is  carbonate  of  lime.  Other  than  it  they 
contain  but  a  small  percentage  of  one  or  two  of  the  important  ele- 
ments used  as  plant  foods.  Their  value  as  fertilizers,  therefore,  de- 
pends almost  wholly  upon  their  lime  component.  Lime  is  one  of  the 
elements  used  as  food  by  most  plants,  and  it  is  therefore  necessary  to 
supply  some  compound  containing  it  in  case  it  is  not  found  in  suffi- 
cient quantity  in  the  soil. 

According  to  the  German  scientist.  Dr.  Maercker,  a  lime  content 
in  a  soil  of  one  per  cent,  is  always  sullicienl;  where  one-half  to  one 
per  cent,  of  lime  is  present,  thea])})lication  of  lime  fertilizers  is 
occasionally  beneficial,  and  always  so,  when  only  one-quarter  to  one- 
half  per  cent,  of  lime  is  present.  When  less  than  one-quarter  of  one 
per  cent,  of  lime  is  found  in  the  soil,  liming  is  absolutely  necessary, 
(lenerally  speaking,  we  may  say  that  the  content  of  lime  can  not 
fall  much  below  one-half  of  one  per  cent,  in  a  light  soil,  and  one  per 
cent,  in  a  heavy  soil,  without  impairing  the  fertility  of  the  soil. 
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The  great  majority  of  Indiana  soils  are  clayey,  loamy  or  prairie 
soils,  lying  within  the  drift-covered  area  of  the  State,  and,  for  the 
most  part,  containing  a  sufficient  quantity  of  lime.  The  addition  of 
marls  to  such  soils  would  therefore  be  of  little  or  no  benefit.  How- 
ever, there  are  some  large  areas  of  light  sandy  soil  in  northern  In- 
diana the  fertility  of  which  would  undoubtedly  be  increased  by  a 
dressing  of  marl.  Mucky  soils,  though  usually  containing  a  large 
percentage  of  lime,  are  often  benefited  by  an  application  of  marl 
or  some  other  lime  compound.  The  reason  for  this  is  that  lime  is 
present  in  these  soils  in  combination  with  organic  acids,  as  humates, 
ulmates,  etc.,  which  compounds  can  not  supply  plant  food  to  crops 
until  they  are  broken  down  and  oxidized  to  inorganic  materials.  The 
effect  of  lime  on  marshy  soils  is  partly  in  this  direction,  promoting 
the  fermentation  of  vegetable  matter  and  assisting  in  the  decompo- 
sition of  inert  compounds  so  as  to  render  them  soluble  in  soil  water 
and  available  as  plant  food,  partly  in  the  way  of  neutralizing  free 
organic  acids  and  of  oxidizing  poisonous  iron  compounds  (ferrous 
salts)  generally  present  in  such  soils. 

An  example  of  the  beneficial  results  of  marl  on  muck  soil  was 
noted  on  the  land  of  P.  M.  Trissal,  two  miles  northwest  of  North 
Judson,  Starke  County,  in  the  summer  of  1900.  A  field  which  a 
few  years  ago  was  part  of  an  extensive  marsh  was  being  cultivated 
in  corn.  The  surface  was  a  loose  black  muck  or  semi-peat,  two  feet 
or  more  in  thickness.  Beneath  this  was  a  deposit  of  marl  from  two 
to  six  feet  thick.  In  draining  the  field  a  ditch  had  been  put  down  a 
foot  or  more  into  the  marl  and  a  quantity  of  the  latter  became  mixed 
with  the  mucky  soil  when  the  ditch  was  refilled.  On  July  15th,  the 
com  in  three  rows  on  either  side  of  the  ditch  was  fully  twice  the 
height  of  that  in  the  remainder  of  the  field,  and  it  has  since  been 
learned  that  the  yield  of  these  rows  was  a  third  greater  than 
that  of  the  rows  adjoining  where  the  marl  had  not  been  mixed  with 
the  muck.  Much  of  the  mucky  soil  of  northern  Indiana  is  underlain 
with  marl  and  the  farmers  owning  such  land  could,  at  a  small  ex- 
pense, bring  about  a  mixture  of  the  underlying  marl  and  overlying 
muck.  There  is  little  doubt  but  that  such  a  mixing  would  in  the  end 
prove  highly  remunerative.  An  account  of  the  results  of  such  mix- 
ing would,  if  properly  compiled,  also  afford  valuable  data  for  those 
farmers  and  scientists  who  are  interested  in  all  important  questions 
relating  to  commercial  fertilizers. 

Experience  goes  to  show  that  good  effects  will  follow  the  applica- 
tion of  marls  on  land  deficient  in  lime,  but  ou  account  of  the  small 
amount  of  other  plant  food  which  they  contain,  their  value  is  not 
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sufficient  to  justify  shipment  for  long  distances.  The  marl -must 
therefore  be  used  near  where  it  is  found  and  the  price  which  it  will 
command  will  be  governed  by  the  law  of  supply  and  demand.  In 
the  vicinity  of  much  of  the  light  sandy  soil  of  northern  Indiana 
there  is  an  abundant  supply  of  good  marl,  and  the  price  in  this  region 
will  therefore  be  very  reasonable. 

As  to  the  application  of  marl  as  a  fertilizer,  we  can  not  do  better 
than  to  quote  the  following  from  a  paper  by  Mr.  F.  W.  WoU;* 
"Where  there  is  a  probability  that  beneficial  results  may  be  obtained 
by  applying  marl  on  a  soil,  it  should  be  done  directly  before  sowing 
or  planting  time,  or  as  a  top-dressing  on  clover  or  on  grass  land, 
provided  the  marl  at  hand  is  in  the  form  of  a  dry  fine  powder;  if  it 
is  wet  and  putty-like,  and  dries  to  large  hard  lumps,  the  dressing 
should  take  place  in  the  fall  or  early  winter  so  that  the  winter  and 
spring  weather,  with  alternating  frosts  and  thaws,  may  gradually  re- 
duce it  to  a  pulverulent  mass.  In  countries  where  liming  or  marling 
is  frequently  done,  special  machinery  is  used  for  the  purpose  of  dis- 
tributing the  material  evenly  over  the  land,  which  is  of  importance. 
It  is  very  likely  that  our  common  manure  spreaders  will  do  the  work 
in  a  satisfactory  manner. 

"The  crops  most  likely  to  be  benefited  by  applications  of  marl  are 
the  legumes  (clover,  peas,  beans),  grass,  potatoes,  corn,  and  root 
crops.  As  in  case  of  other  fertilizers,  a  small  quantity  of  marl  placed 
in  the  row  or  the  hill  will  go  farther  and  give  better  results  for  crops 
planted  or  sown  in  this  manner,  than  the  same  quantity  scattered 
broadcast. 

"Like  all  lime  compounds,  marl  has  a  tendency  to  exhaust  the  soil 
if  applied  excessively  and  for  a  series  of  years,  as  it  renders  valuable 
fertilizing  ingredients  soluble  and  therefore  subject  to  leakage.  The 
old  European  saying  that  ^ime  without  manure,  makes  the  father 
rich  and  the  son  poor,^  is  an  expression  of  this  fact.  Unless  we  start 
with  a  soil  well  supplied  with  fertilizing  ingredients,  aside  from  the 
lime  added,  the  effects  of  dressings  of  lime  or  marl  alone  will  there- 
fore be  of  temporary  benefit,  but  a  detriment  in  the  end.  To  avoid 
this  difficulty,  barnyard  manure,  or  complete  artificial  fertilizers 
should  be  applied  at  times  on  marled  or  limed  land.  The  liming  or 
marling,  if  done  thoroughly,  need  not  be  repeated  on  the  same  land 
oftener  than  every  sixth  to  eighth  year. 

*^Iarl  may  furthermore  be  used  to  advantage  for  making  composts 
with  muck,  barnyard  manure,  and  refuse  fertilizing  materials;  its 
action  in  this  case  depends  on  the  favorable  effect  which  it  exerts 

^'*rrhe  Marls  of  Wisconiin  "  in  BaU. 51,  Wiio.  Agr.  Exp.  SUt.,  1896,  p.  14. 
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on  the  progress  of  the  nitrification  of  inert  organic  nitrogen  sub- 
stances. Where  marl  is  near  at  hand  and  easily  accessible,  farmers 
should  not  fail  to  make  use  of  it  for  this  purpose,  and  also  to  apply 
it  directly  in  varying  quantities  on  small  pieces  of  their  land,  so  as 
to  obtain  definite  knowledge  of  what  it  will  do  under  their  condi- 
tions. 

"In  some  of  the  potato-growing  counties  of  our  State  (Wisconsin) 
where  land  plat^ter  is  used  extensively  for  mixing  with  paris  green, 
shell  marl  in  a  fine  powder  has  been  advocated  as  a  substitute  for 
plaster.  Marl  of  this  character  is  well  adapted  to  this  purpose  on 
account  of  its  mechanical  condition,  but  it  can  not  be  considered 
as  valuable  as  i)laster  as  a  fertilizer  owing  to  the  fact  that  the  latter, 
being  a  sulphate,  is  able  to  bind  the  free  ammonia  and  carbonate  of 
ammonia  of  the  air  and  soil,  thus  preventing  the  nitrogen  which 
they  contain  from  going  to  waste.  lyand  plaster  is  also  in  other 
respects  of  greater  value  to  growing  crops  than  is  any  form  of  car- 
bonate of  lime." 

Third. — The  use  of  marl  "/1 5  a  means  of  improving  the  mechanical 
condition  of  soiW  is  a  very  important  one,  and  is  worthy  of  more 
general  practice  than  it  has  received  from  farmers  in  the  past.  A 
soil  may  contain  all  the  elements  or  ingredients  necessary  for  tlie 
production  of  a  certain  crop  and  yet,  on  account  of  its  mechanical 
condition — its  extreme  looseness  or  porosity,  or  its  compactness — 
plants  can  not  grow  in  it.  By  the  application  of  certain  materials, 
one  of  the  best  of  which  is  carbonate  of  lime,  these  unfavorable 
physical  properties  of  the  soil  arc  often  modified  or  broken  up,  so 
that  the  j)lants  can  avail  themselves  of  the  store  of  fertility  in  the 
soil,  and  a  good  crop  is  the  result. 

Many  chiy  soils,  when  wet  by  rains,  are  not  porous  enough  to  allow 
the  water  to  pass  through  them  with  sufficient  rapidity.  As  a  conse- 
quence they  become  water-logged  and  the  air  which  is  necessary  for 
the  healtliy  growth  of  Ihe  plant  roots  is  excluded.  In  time  of 
drought  sucli  soils  cake  readily,  thus  forming  large  clods,  and  be- 
coming jiiore  difficult  to  till  and  less  adapted  to  the  s\istenance  of  the 
growing  plant.  Marl  or  some  other  compound  of  lime,  when  ap- 
plied in  sulTi(Ment  quantity,  will  prevent  this  puddling  or  caking,  thus 
allowing  ihe  water,  air  and  heat  to  thoroughly  permeate  the  soil. 
Th(^  iexture  of  the  soil  will  also  become  more  suitable  for  the  easy 
penetration  of  the  roots  and  rootlets  of  the  plants. 

If  to  a  loose  sandy  soil  a  sufficient  quantity  of  marl  be  added,  the 
sand  grains  will  in  time  become  more  or  less  cemented  together. 
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thus  lessening  the  large  openings  between  the  soil  particles,  and 
causing  the  better  retention  of  beat  and  moisture. 

Another  way  in  which  marl,  or  otlier  compound  of  lime,  improves 
the  mechanical  condition  of  soils  is  by  its  effect  upon  the  action  of 
microscopic  organisms.  "Many  important  changes  are  produced  in 
the  soil  by  organisms  so  small  that  they  can  only  be  observed  by  the 
aid  of  the  most  powerful  microscopes.  Some  of  the  changes  of  this 
character  in  which  lime  plays  an  important  part  are  the  following: 

"(1).  The  change  of  ammonia  and  of  nitrogen  in  organic  matter, 
such  as  blood,  meat,  fish,  tankage,  plants,  etc.,  into  nitrates,  the  form 
in  which  it  is  chiefly  assimilated  by  most  cultivated  plants.  This  is 
known  as  the  process  of  nitrification  and  is  promoted  by  the  presence 
of  lime  in  soils. 

"(2).  The  decomposition  of  organic  matter  in  muck  and  other 
soils.  In  this  process  the  production  of  carbonic  acid  is  much  ac- 
celerated by  the  use  of  lime.  This  carbonic  acid  in  turn  so  acts  upon 
the  inert  plant  food  of  the  soil  as  to  make  it  more  quickly  available 
to  plants.  The  indirect  result,  therefore,  is  to  help  the  plant  to  draw 
more  potash,  phosphoric  acid,  etc.,  from  the  soil  than  would  other- 
wise be  possible. 

"(3).  The  utilization  of  atmospheric  nitrogen  by  cert^iin  of  the 
leguminous  plants  (notably  the  clovers),  particularly  upon  sour  soils, 
is  facilitated  by  the  application  of  lime.'** 

Where  marl  is  added  to  a  soil  for  the  purpose  of  furnishing  the 
latter  with  lime  for  plant  food,  or  as  a  fertilizer,  the  amount  neces- 
sary will  be  much  less  than  where  it  is  applied  to  better  the  mechan- 
ical condition  of  the  soil.  In  the  former  case  a  dressing  of  one  to 
two  tons  per  acre  every  six  to  eight  years  will  generally  prove  suffi- 
cient. In  the  latter  case  as  many  as  25  to  40  tons  per  acre  may  be 
applied  without  harm.  If  the  marl  be  spread  out  perfectly  even 
over  the  surface  a  dressing  of  40  tons  per  acre  will  form  a  layer 
about  one-fourth  of  an  inch  thick. 

Fourth. — "'As  a  mineral  food  for  poullri/.-'  Chemical  analysis  and 
experiments,  together  with  reports  from  many  practical  poultry  men, 
prove  conclusively  that  th(»  ordimiry  grain  and  green  foods  supplied 
to  chickens  and  other  fowls  do  not  contain  enough  lime  for  the 
formation  of  etrir  shells.  Several  times  as  much  lime  as  is  ordinarilv 
fed  is  necessary  if  good  strong  v,gg  shells  are  to  be  produced.  No 
form  of  lime  is  more  convenient  for  this  purpose  than  marl,  its 
particles  being  in  a  state  of  line  division  and  easily  assimilated  as 


*  H.  J.  Wheeler,  Farmers'  BuU.  No.  77,  U.  S.  Dept.  Agr.,  18^8,  p.  6. 
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shell-forming  material.  Several  farmers  in  the  vicinity  of  marl  de- 
posits in  northern  Indiana  have  tried  it,  hauling  up  a  load  two  or 
three  times  a  year  and  placing  it  where  the  fowls  had  free  access 
to  it.  They  report  that  the  chickens  lay  much  better  during  the 
winter  season.  It  is  probably  better  to  keep  the  marl  thus  continu- 
ally before  the  fowls,  trusting  to  them  to  eat  the  amount  necessary 
to  supply  lime,  than  to  mix  it  with  their  other  food.  The  judgment 
of  the  fowl  can  be  relied  upon  to  secure  the  amount  required.  Poul- 
try supply  houses  could  doubtless  build  up  a  good  trade  for  marl  for 
this  purpose  were  they  to  give  the  matter  proper  attention. 

Fiftli. — "i45  a  polishing  powder"  Several  diflferent  mineral  prod- 
ucts are  used  as  ^^polishing  powders,*^  for  scouring  articles  of  silver, 
brass  and  other  metals.  Such  a  product,  to  be  of  value  for  this  pur- 
pose, must  be  in  a  fine  state  of  division  and  form  an  impalpable 
powder,  free  from  grit  or  other  similar  impurities  which  might 
scratch  the  object  to  be  polished.  Beds  of  marl  of  this  character, 
or  which  can  readily  be  rendered  suitable  by  grinding  when  dry, 
are  of  frequent  occurrence  in  northern  Indiana.  On  account  of  the 
limited  demand  for  such  powder  it  is  not  likely  that  the  sale  of  marl 
for  polishing  purposes  can  ever  become  a  source  of  much  income  to 
the  owners  of  the  deposits.  The  marl  will,  however,  furnish  an  abun- 
dant supply  of  material  for  use  in  the  kitchens  of  those  homes  ad- 
jacent to  the  beds. 

Sixth, — ^^As  a  material  for  the  manufacture  of  quicklims"  In  the 
early  settlement  of  northern  Indiana  much  quicklime  was  made  from 
marl.  No  one  of  the  counties  in  which  the  principal  marl  deposits 
occur,  have  outcrops  of  limestone,  and  hence  the  marl  was  used,  being 
burned  in  rude  kilns  erected  for  the  purpose.  Richard  Owen,  in 
his  report  on  St.  Joseph  County,  says:  "Beneath  the  swamp-muck 
beds  in  the  Kankakee  marshes  near  South  Bend,  a  shell  marl,  three 
to  ten  feet  thick,  is  obtained,  in  which  are  large  and  abundant  speci- 
mens, some  well  preserved,  of  shells  belonging  to  the  genera  physa, 
planorhis,  cyclas  and  unio.  At  many  places  this  is  dug  and  moulded 
into  brick-shaped  masses  of  considerable  size,  so  as  to  be  readily 
piled  in  a  kiln,  burnt  and  used  for  all  purposes  to  which  lime  is 
usually  applied,  being  an  excellent  quality  and  white  color.  An 
extensive  manufacture  of  this  kind  is  also  carried  on  near  the  fine 
Catholic  College  of  Notre  Dame,  beautifully  situated  a  mile  or  two 
north  of  South  Bend."* 

Other  localities  where  the  marl  lime  was  made,  were  near  Roch- 
ester, Fulton  County;  Lime  Lake,  Stefuben  County;  Albion,  Noble 


*  Report  of  a  Oeolorioal  Reoonnaisanoe  of  Indiana,  1860,  p.  200. 
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Coimty,  and  Silver  Lake^  Steuben  County.  The  lime  from  the  marl 
was  snow-white  in  color,  and  very  perishable  owing  to  its  fine  me- 
chanical condition.  As  much  of  the  mortar  made  from  the  burned 
marl  did  not  endure  exposure  to  the  weather  (probably  on  account 
of  too  small  an  amount  of  sand  being  used  in  its  composition)  the  use 
of  marl  as  a  lime  material  was  discontinued  when  railways  were  con- 
structed which  brought  in  from  Wabash,  Delphi  and  Huntington  a 
superior  lime. 

Since  caustic  lime  or  quicklime  is  the  most  concentrated  form 
of  lime  which  can  be  applied  as  a  fertilizer,  it  might  prove  profitable 
to  bum  the  marl  into  quicklime  for  that  purpose.  The  manufacture 
of  quicklime  from  the  marl  for  use  in  mortar  will,  however,  hardly 
be  renewed,  as  the  quality  of  the  lime  produced  at  the  lime-buming 
cities  along  the  Wabash,  taken  in  connection  with  the  present  cheap 
and  rapid  means  of  transportation,  will  not  justify  its  renewal. 

Seventh, — The  use  of  marl  "tn  the  place  of  limestone  in  the  manu- 
facture of  ieet  sugar^'  has,  as  far  as  we  can  ascertain,  not  been  prac- 
tically tested,  but  we  see  no  reason  why  the  purer  marls  of  northern 
Indiana  could  not  be  so  used.  From  2^  to  3  per  cent,  of  lime  is  added 
to  the  juice  of  the  beets  as  a  purifying  agent  during  the  process  of 
sugar  manufacture.  This  lime  is  added  to  the  juice  after  it  has 
left  the  diffusion  batteries  and  entered  what  are  known  as  the  carbon- 
atation  tanks.  After  the  lime  has  been  added  carbonic  acid  gas  is 
forced  through  the  juice  and  the  excess  of  lime  is  precipitated  in  the 
form  of  a  carbonate,  and  carries  down  with  it  mechanically  many  of 
the  impurities.  This  operation  is  terminated  when  the  lime  precipi- 
tate becomes  granular  and  settles  readily.  At  this  point  there  still 
remains  about  a  gram  and  a  half  of  lime  (CaO)  per  liter  of  juice. 
After  having  been  passed  through  filter  presses  the  juice  is  again 
treated  while  boiling  hot,  with  ^  per  cent,  of  lime,  and  carbonic  acid 
is  once  more  passed  through  it,  until  all  the  lime  is  precipitated. 
This  second  operation  is  termed  the  saturation,  the  former  the  first 
carionatation. 

In  most  beet  sugar  factories  limestone  is  used,  not  only  for  the 
making  of  the  lime  mentioned  above,  but  also  in  the  making  of  the 
carbonic  acid  gas.  Large  areas  of  northwestern  Indiana  have,  by 
practical  tests,  been  proven  in  the  highest  degree  suitable  for  the 
raising  of  sugar  beets.  An  extensive  factory  will,  in  1901,  be  erected 
at  Shelby,  Lake  County,  for  making  beet  sugar,  while  several  others 
will,  in  the  next  few  years,  doubtless  be  built  in  neighboring  counties. 
Not  an  outcrop  of  limestone  of  suffident  purity  occurs  in  or  near 
any  of  the  counties  where  these  factories  will  be  located,  and  such 
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stone  will  have  to  be  shipped  long  distances.  Since  the  better  marls 
found  in  this  region  contain  at  least  92  per  cent,  of  carbonate  of 
lime,  it  would  seem  that  they  are  pure  enough  to  take  the  place  of 
the  limestone.  Care  would  have  to  be  taken  in  their  selection,  and 
they  would  have  to  be  liriquetted,  but  even  then  the  cost  would,  we 
believe,  be  less  than  tliat  of  limestone.  The  experiment  is  at  least 
worthy  of  consideration  l)y  parties  interested  in  beet  sugar  manu- 
facture. 

Method  of  Making  Survey. — The  survey  of  the  marl  area  was 
made  between  September  first  and  December  first,  1899,  by  Dr.  Ash- 
ley and  at  intervals  during  the  spring  and  summer  of  1900  by  Mr. 
Blatchley.  It  was  planned  to  be  only  a  reconnaisance,  made  for  the 
purpose  of  determining  in  a  general  way  where  the  workable  de- 
posits lay.  Such  details  as  may  be  given  were  obtained  incidentally 
to  the  necessarv  examinations. 

« 

nie  work  in  the  fall  of  1899  was  almost  wholly  on  the  lakes  from 
a  boat.  The  testing  was  done  with  a  drill  composed  of  f-inch  gas 
pipe,  in  lengths  of  three  feet,  screwed  together  at  the  ends.  To  the 
lower  joint  of  pipe  was  attached  a  1^-inch  carpenter's  auger.  The 
total  length  of  the  drill  was  !(>  feet.  The  purpose  of  the  auger  was 
to  open  a  passage  for  the  rod;  break  up  the  marl  so  as  to  facilitate 
the  withdrawal  of  rod  and  to  l)ring  up  specimens  of  the  marl  for  ex- 
amination. When,  therefore,  in  the  detailed  description,  it  says 
the  marl  is  over  IG  feet,  or  in  two  feet  of  water  is  over  14  feet,  it 
im])lies  simply  that  the  rod  did  not  reach  the  bottom  of  the  marl  at 
a  depth  of  1(>  feet  from  the  surface.  The  marl  at  such  a  point  ex- 
tends downward  at  least  to  16  feet,  and  may  extend  down  to  20  or 
30  feet  or  even  more.  In  the  spring  of  1900  the  auger  was  length- 
ened to  25  feet  in  order  that  marsh  deposits  might  be  more  thor- 
oughly tested,  and  during  that  season  18  feet  were  usually  used  in 
work  on  the  water. 

As  most  of  the  lakes  examined  have  a  d(»pth  of  from  30  to  100 
feet  over  most  of  their  area  it  follows  that  the  examinations  on  water 
were  coniined  to  th':*  usually  narrow  belt  of  shallow  water  cIdsc  to 
shore  or  over  bars,  leaving  in  most  cases  the  greater  j)art  of  the 
lake's  resources  unknown.  On  the  other  hand,  since  practical  cement 
men  consider  onlv  the  nuirl  beneath  15  feet  of  water  or  less  available 
with  ])resent  appliances,  it  is  evident  that  this  deeper  water  area 
may,  \'vou\  the  ])ra(tical  stand])oint,  be  considered  out  of  the  ques- 
tion, and  thus  our  examinations,  limited  as  they  were,  covered  the 
area  of  available  deposits.  For  these  reasons  it  is  evident  that  with 
a  given  average  depth  of  marl  it  is  not  so  much  the  size  of  the  lake 
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that  determines  the  size  of  the  deposit  commercially,  as  the  size 
of  the  area  of  shallow  water.  Where  it  is  possible  to  lower  a  lake 
or  partly  or  wholly  drain  it,  the  available  deposit  may  include  every- 
thing out  to  where  the  water  is  10  feet  in  depth,  plus  the  possible 
amount  of  lowering.  Many  of  the  lakes,  on  account  of  the  value  of 
the  adjacent  real  estate  ])cing  dependent  upon  the  maintenance  of 
a  high  level,  can  not  bo  economically  lowered.  Many  have  already 
reached  the  limit  of  lowering  due  to  lack  of  fall  in  outlet  or  drainage 
ditch.  Some  can  rcadilv  be  lowered  from  thre(»  to  ten  feet.  A  few 
can,  by  expensive  ditching,  be  completely  drained. 

In  many  instances,  however,  even  where  the  lakes  contain  large 
deposits  of  marl  and  can  be  easily  lowered,  they  are  far  more  valuable 
to  the  public  at  large  at  their  present  level,  than  they  would  be, 
were  their  depths  decreased  and  the  deposit  of  marl  made  commer- 
cial Iv  available. 

The  work  in  the  autumn  of  1800  was  carried  on  much  more  rapidly 
than  that  in  1900,  and  but  little  attention  was  given  to  the  main 
features  of  the  lak'»s  themselves,  the  deposits  of  marl  alone  being 
considered.  Usually  two,  and  sometimes  three  or  four  deposits,  often 
several  miles  apart,  were  examined  in  a  day.  As  the  season  advanced 
much  trouble  was  experienced  in  securing  boats.  The  results  of  the 
investigation  of  that  season  are,  therefore,  in  part  crude  and  often 
irregular,  some  deposits  being  examined  much  mon;  in  detail  than 
others.  In  1000,  with  more  time  at  command,  the  study  of  the  de- 
j)0sits  was  made  more  in  detail,  and  many  interesting  facts  relative 
to  the  properties  and  deposition  of  the  marl  were  secured. 

LEGEND. 

Figure  01  is  cxj)lanatory  of  the  details  of  the  marl  deposits  as 
shown  on  the  maps  accompanying  the  descriptions  of  the  lakes.  The 
various  shades  and  markings  of  black  indicate  a  variability  in  the 
thickness  and  location  of  the  marl  and  muck,  as  shown  by  the  ac- 
companying tigure. 

In  general,  black  indicates  workable  nuirl,  that  is,  marl  having  a 
thickness  of  over  10  foet  and  lying  out  of  water  or  in  shallow  water, 
without  muck  cover.  As  the  maps  are  all  reduced  to  the  same  scale, 
a  glance  at  any  ma]>  suggests  th(*  relative  amount  of  such  marl  in 
that  deposit,  lender  the  general  rule  that  marl  can  not  be  profitably 
dredged  at  a  depth  of  more  than  lo  feet,  or  removed  from  beneath 
more  than  three  feet  of  muck,  the  black  shows  the  amount  of  work- 
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able  marl  in  each  deposit^  without  lowering  the  water  level.  Many  of 
the  lakes  can  be  lowered  so  as  to  render  workable  a  part  or  all  of  the 
area  which  on  the  map  appears  as  an  unworkable  deposit. 
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Fig.  01.    Legend,  Explanatory  of  Mapi  of  Marl  Deposits 


A. 


Marl,  dry,  or  in  six  feet  or  less  of  water,  of  which  the  bottom  is  over 
16  feet  deep.  It  thus,  in  all  cases,  represents  marl  over  10  feet 
deep.  In  lakes,  the  outer  edge  of  solid  black  band,  where  shown, 
is  supposed  to  represent  the  line  of  six-foot  water.  As  a  rule  the 
distance  from  the  shore  to  the  six-foot  line  is  exaggerated. 

B.  Marl,  more  than  10  and  less  than  16  feet  thick;  not  overlain  by  muck. 

C.  Line  or  lines  parallel  to  shore;  marl  in  water  over  6  feet  deep;  the 

bottom  of  marl  being  more  than  16  feet  below  the  water  level. 

D.  Marl  less  than  10  to  16  feet  deep.    Lines  at  right  angles  to  shore. 

E.  Sample  map  of  overshore  deposit,  interpreted  as  follows:    Marl  sets 

in  close  to  shore,  increases  in  thickness  toward  the  body  of  the 
lake,  until  at  half  way  or  a  little  more  to  the  six-foot  water  line 
the  bottom  of  the  deposit  is  beyond  reach  of  sixteen-foot  auger,  a 
condition  that  continues  into  deep  water.  The  black  band  suggests 
the  width  of  marl  bed  from  where  the  deposit  first  extends  more 
than  16  feet  below  water  level  to  the  six-foot  water  line.  The  lines 
outside  of  the  black  band  indicate  that  marl  is  still  found  outside 
of  the  six-foot  water  line  with  bottom  more  than  16  feet  below 
water  level. 

Section  corner  showing  road,  railroad  and  numbers  designating 
sections. 

Deposit,  "dry,"  as  in  A,  except  that  it  has  muck  over  it,  the  number 
of  uprights  in  the  open  squares  suggesting  the  number  of  feet  the 
muck  is  thick  (in  this  case,  2). 

"Dry  deposit"  marl,  less  than  16  feet  thick,  overlain  by  muck— at  left 
by  muck  averaging  one  foot  thick;  in  middle,  two  feet  thick;  at 
right  by  muck  three  feet,  or  more  thick. 
Sample  map  showing  at  the  right  a  deposit  similar  to  E;  at  left  the 
marl  extends  out  imder  shore,  with  muck  overlying,  a  small  area 
having  only  one  foot  of  muck  above  more  than  35  feet  of  marl. 

Marsh,  not  explored. 

Muck  in  cross  sections. 


F. 


G. 


fl. 


I. 


.r. 

K. 


L.    Sandy  ground,  or  sandy  bottom  of  lake. 
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STEUBEN  COUNTY. 
Rbfebenceb.— 

1873.— G.  M.  Levette,  Fifth  Ann.  Rep.  Geol.  Surv.  Ind.,  p.  440. 

1875. — Id.,  Seventh  Ann.  Rep.  Geol.  Surv.  Ind.,  p.  491. 

1891. — Dr.  C.  R.  Dryer,  Seventeenth  Ann.  Rep.  Dept.  Geol.  & 
Nat.  Reso.  of  Ind.,  p.  114. 

1899. — Frank  Leverett,  Water  Supply  and  Irrigation  Papers  of  the 
U.  S.  Geol.  Surv.,  No.  21,  p.  27. 

This  county  occupies  the  extreme  northeastern  corner  of  the  State 
of  Indiana.  It  is  bounded  on  the  north  by  Michigan,  on  the  east  by 
Michigan  and  Ohio,  on  the  south  by  Dekalb  County,  Indiana,  and 
on  the  west  by  Lagrange  County.  Its  area  is  311  square  miles.  The 
entire  county,  except  a  valley  in  the  southeastern  comer,  is  more 
than  900  feet  above  sea  level,  and  it  is  estimated  that  more  than  on^ 
half  of  the  county  is  over  1,000  feet  above,  while  occasional  points 
rise  to  1,150  feet.  With  the  exception  of  Randolph  County,  its  aver- 
age height  above  sea  level  is  probably  greater  than  that  of  any  other 
coimty  in  Indiana.  This  great  elevation  is  not  due  to  an  elevated 
rock  surface  but  to  the  heavy  accumulations  of  drift  which  every- 
where cover  the  underlying  sedimentary  rocks  to  a  depth  of  300  to 
600  feet.  The  deposition  of  the  drift  has  been  in  most  parts  of  the 
county  very  uneven  and  has  given  rise  to  a  remarkable  group  of 
rounded  hills  and  irregular  valleys,  which  has  rendered  the  surface 
picturesque  to  a  degree,  hardly  surpassed  by  any  county  of  the 
State. 

As  yet  the  county  is  but  fairly  well  supplied  with  transportation 
facilities.  The  Fort  Wayne  brancli  of  the  Lake  Shore  &  Michigan 
Southern  Railway  enters  the  county  near  the  middle  of  its  southern 
boundary  and  runs  through  it  in  a  northeasterly  direction,  leaving  it 
at  the  station  of  Ray,  three  miles  west  of  the  northeastern  corner. 
The  Chicago  division  of  the  Wabash  System  rims  east  and  west  along 
the  southern  edge,  crossing  the  L.  S.  &  M.  S.  at  Steubenville.  This 
leaves  a  large  area  of  the  western  and  northwestern  portions  of  the 
county  distant  12  to  17  miles  from  a  railway.  Several  electric  lines 
have  been  proposed  through  this  section,  and  one  or  more  of  them 
will  doubtless  be  soon  constructed. 

Steuben  is  pre-eminently  the  ranking  county  of  Indiana  in  the 
number  and  beauty  of  its  lakes.  They  occupy  the  valleys  and  de- 
pressions due  to  the  irregular  deposition  of  the  mantle  of  drift. 
Their  great  variety  in  size,  depth  and  outline  of  shore  render  the 
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region  most  delightful  for  a  summer^s  outing,  and  the  number  of  vis- 
itors annually  attratfted  by  their  presence  is  constantly  increasing. 
The  waters  of  most  of  the  lakes  are  very  clear  and  pure.  They  are 
well  stocked  with  the  larger  game  and  food  fishes,  thus  furnishing 
an  abundance  of  sport  to  visiting  anglers  and  a  plentiful  supply  of 
cheap  and  nutritious  food  to  the  permanent  resident. 

In  tJio  latest  atlas  of  the  county  57  lakes  are  named,  but  many  of 
them  are  mere*  ponds  or  ^'Mud  Lakes."  Twenty-two  of  the  larger 
ones  were  visited  while  gathering  data  for  the  present  report.  Six 
deposits  of  marl  sufficient  in  area  and  thickness,  and  easily  available 
under  present  conditions  for  cement  making,  were  found  in  the 
county.  Three  additional  deposits  were  of  workable  size  but  were 
mainly  beneath  deep  water.  Six  of  the  deposits  were  found  not  to 
be  of  sufficient  size  to  justify  the  investment  of  capital  for  their  ex- 
ploitation. In  a  number  of  instances  the  marl  in  or  about  two,  three 
or  four  lakes  was  considered  as  one  deposit,  on  account  of  their  prox- 
imity, and  is  so  treated  in  the  pages  which  follow. 

Finally  it  may  hv.  said  that  a  number  of  the  larger  lakes  of  the 
county,  although  underlain  with  large  deposits  of  marl,  are  of  far 
more  henefit  to  the  community  at  large,  as  they  exist  to-day,  than 
tlnn'  would  he  were  these  deposits  developed  and  used  for  cenuMit 
nuiking. 


CLEAR  LAKE. 

WoBKABLE  Deposit:    Laboely  Under  Deep  Water. 

Clear  Lake  lies  principally  in  sections  19  and  20  (38  north,  15 
east)  Clear  Lake  TowMiship,  in  the  extreme  northeastern  corner  of 
Indiana.  Its  northwestern  point  is  about  one  and  one-half  miles 
from  Kay,  the  nearest  station  on  the  Fort  Wayne  branch  of  the  Lakt; 
Shore  and  Michigan  Southern  liailway. 

The  hike  is  l)n)adly  L-sha])e(l  with  a  large  bay  projecting  from  the 
southwest.  The  extreiiir  length  from  east  to  west  is  over  one  and 
oiu'-half  niiK's,  nud  from  north  to  south  over  one  mile,  with  a  breadth 
in  each  of  thr  arins  of  about  one-half  mile.  The  total  area  is  (JOG 
or  more  acres.  The  lake  consists  of  three  distinct  basins  which  would 
become  separate  lakes  if  the  water  surface  were  lowered  six  or  eight 
feet.  This  results  fnun  the  presence  of  a  broad  bar  extending  from 
(I))*  to  (())  and  (P). 


*'See  the  accompanying  map. 
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It  is  evident  that  the  low  ridge  at  (D)  which  is  rapidly  being  cut 
down,  fonnerlv  eAtenttcd  south  of  west  acroge  the  lake  to  the  island 
imd  beyond;  the  inland  (I')  being  but  a  fragment  spared  in  the  ]>lan- 
ing  down  of  the  ridge  by  wave  action.  In  November,  1890,  a  ma- 
jority of  the  soundings  acrose  this  bar  gave  a  depth  of  throe  feet  and 
none  more  than  five  feet  on  the  crest  of  the  bar.  The  shallow  water 
around  the  lake  is  broad,  the  line  of  six-foot  water  running  from  50 
to  300  feet  from  shore,  with  an  average  of  perhaps  150  feet.  Outside 
of  that  the  depth  Increases  rapidly,  so  that  at  one  point  a  depth  of 
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90  feet  was  found  by  Br.  Dryer  within  10  rods  of  the  bar.  He  re- 
ports a  descent  of  30  to  40  feet  in  five  rods  at  several  places,  the 
average  slope  being  not  less  than  one  foot  in  two.  The  south  basin 
has  a  maximum  depth  near  a  line  through  Iho  renter  of  from  "0  to 
101  feet.  The  bay  to  the  west  gave  depths  of  54  to  1",  feet.  The 
north  basin  has  an  irregular  bottom,  and  while  of  less  average  depth 
than  the  southern  basin,  gave  80  and  90  feet  in  pluces. 

The  fact  that,  except  on  the  bar  mentioned,  no  marl  occurs  in 
water  with  a  depth  of  lees  than  three  or  four  feet,  indicates  that  the 
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t^urface  of  the  lake  is  higher  now  than  at  some  preceding  period. 
On  the  other  hand,  the  hroad  sandy  beach  at  the  eastern  end  indi- 
(?ates  that  it  has  also,  for  at  least  a  short  time,  stood  at  a  somewhat 
higher  level  than  now. 

Around  most  of  the  lake  the  banks  slope  up  rather  quickly  to  an 
elevation  of  a  score  or  more  of  feet.  The  northwest  shore  is  bor- 
dered by  rather  extensive  marshes  containing  spring  mounds  and 
small  elevated  islands.  There  is  also  a  small  marsh  near  the  south- 
eastern corner  of  the  lake.  As  a  rule  the  shores  of  the  hike  are 
quite  clean  and  free  from  vegetation.  The  yellow  and  white  water 
lilies  and  pickerel  weed  occur  in  isolated  patches  in  shallow  water. 
The  pond  weeds  and  chara  are  of  more  frequent  occurrence.  The 
most  conspicuous  plant  in  the  lake  is  the  great  bulrush,  Scirpu.^ 
lacustris  L.,  which  thinly  covers  the  bars.  The  outlet  of  the  lake 
is  to  the  northward  through  a  small  stream  which,  after  many  me- 
anderings,  empties  into  the  St.  Joseph  of  the  Maumee.  Two  large 
hotels  on  the  north  side  of  the  lake,  easily  accessible  from  R^y 
station,  furnish,  during  the  summer,  accommodations  for  visitors, 
and  the  place  is  rapidly  growing  into  a  resort  for  sportsmen,  and 
all  who  seek  clean,  safe  bathing,  and  ample  boating  and  fishing 
grounds. 

Marl. — As  indicated  on  the  map,  the  shallow  water  from.  (A)  to 
(D)  contains  no  marl.  At  (A)  the  marl  is  five  feet  deep  where  the 
water  is  four  feet,  and  reaches  about  10  feet  at  the  six  foot  water 
line.  Beyond  that  the  bottom  of  the  marl  was  not  found,  the  water 
being  13  feet  deep,  at  200  feet  from  shore.  Going  toward  (B)  the 
marl  on  the  six  foot  line  runs  under  10  feet  and  at  (B)  a  line  blue 
clay  replaces  the  marl  in  six  feet  of  water.  From  (B)  to  (I))  no  marl 
was  struck  in  three  feet  of  water  or  less,  and  at  one  point  four  feet 
of  water  found  no  marl.  At  most  points  the  marl  reaches  below  16 
feet  outside  the  six-foot  water  line.  The  bar  running  from  (D)  to 
(F)  contained  no  marl  on  its  crest  as  far  as  examined,  the  water 
thereon  bein*;:  from  three  to  four  feet  deep.  A  little  south  of  the 
(Test  the  marl  was  over  12  feet  deep  in  four  feet  of  water  and  drill- 
ings in  five  feet  of  water  at  points  along  the  south  side  found,  (»very- 
wliere,  over  11  feet  of  marl. 

At  (G),  in  the  southern  basin,  one  foot  of  marl  is  found  100  feet 
out  from  shore  in  four  feet  of  water,  the  bottom  being  hard  nearer 
shore.  At  150  feet  out  the  water  is  eight  feet  deep  and  marl  over 
eight  feet  thick.  Going  toward  (H)  the  marl  runs  out  in  four  feet 
of  water  at  the  same  distance  from  shore.  Six  feet  of  water  200 
feet  from  shore  shows  but  four  feet  of  marl.    About  the  same  con- 
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ditions  continue  to  (I).  At  (J)  no  marl  is  found  in  six  feet  of  water, 
150  feet  from  shore,  but  sets  in  and  deepens  rapidly  beyond  that. 
At  (K)  somewhat  similar  conditions  prevail,  but  the  marl  does  not 
appear  to  deepen  quite  so  rapidly,  only  four  feet  being  found  beneath 
seven  feet  of  water.  Toward  (L)  the  marl  in  seven  feet  of  water 
deepens  to  more  than  nine  feet  at  400  feet  out.  The  six-foot  water 
line,  which  extends  from  about  200  feet  to  over  300  feet  out,  shows 
only  three  feet  of  marl,  with  none  toward  shore.  Toward  (M)  and 
(N)  the  shallow  water  narrows  so  that  at  (N)  five  feet  of  water  is 
found  50  feet  from  shore,  with  five  feet  of  marl  beneath.  Between, 
as  at  (M),  there  is  only  three  feet  of  marl  in  six  feet  of  water. 

Crossing  the  bar  west  of  the  high  island  (F)  the  water  is  mainly 
three  feet  deep,  though  running  up  to  five  feet  in  places.  The  marl 
is  beyond  reach  of  16-foot  drill  all  over  this  area  until  (P)  is  ap- 
proached, where,  in  four  feet  of  water,  only  seven  feet  of  marl  oc- 
curs and. still  less  going  north.  The  area  between  (P)  and  (D)  was 
not  explored  in  detail,  so  that  the  black  shading  north  or  northeast 
of  the  island  is  somewhat  questionable.  From  (P)  to  (S)  the  six- 
foot  water  line  is  quite  irregular,  and  where  farthest  from  shore 
the  marl  was  beyond  reach  of  pole  in  four  or  five  feet  of  water  at 
all  points  tested.  At  (T)  a  long  shoal  projects  from  the  north  shore, 
but  no  marl  was  found  on  it,  the  bottom  being  blue  clay  like  that 
at  (B). 

The  area  of  marl  in  the  lake  is  probably  400  acres  or  more.  Of 
this  about  80  acres,  averaging  10+  feet  in  thickness,  is  beneath  shal- 
low water.  The  remainder  is  found  beneath  water  10  feet  or  more 
in  depth. 

OBDAR  LAKE. 
Not  a  Workable  Deposit. 

Two  miles  west  of  Clear  Lake  in  sections  22  and  23  (38  north,  14 
east),  Fremont  Township,  and  just  east  of  the  Ft.  Wayne  Branch  of 
the  Lake  Shore  &  Michigan  Southern  Eailway,  is  what  was  once 
called  Cedar  Lake.  It  has  now  been  partly  drained  so  that  with  the 
exception  of  a  few  lagoons  its  former  area  is  a  marsh.  As  far  as  ex- 
amined, all  across  the  north  end  near  the  railroad,  this  marsh  was 
in  the  form  of  a  floating  meadow,  barely,  or  not  at  all,  sustaining 
one's  weight  and  with  water-muck  below.  Tests  made  in  several 
places  from  the  shore  out  300  or  more  feet,  or  as  far  as  seemed  safe 
to  go,  showed  no  marl  until  a  depth  of  over  five  feet  of  muck  was 
reached,  when  marl  began  to  appear.  The  points  farthest  out  showed 
about  five  feet  of  watery  muck  and  two  feet  of  marl. 
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Since  the  lake  area,  eb  shown  on  the  older  maps,  was  400  or  more 
acres,  it  may  be  that  quite  a  large  area  of  marl  exists  near  the  center 
of  the  former  lake,  biit  even  its  proper  testing  is  not,  under  the 
present  conditions,  possible. 


LAKB  GBOBOB. 

Larob  Dbp.'bit,  M<18ti.y  Bkmkath  Def.f  Water. 

This  lake  lies  partly  in  sections  14  and  15  (38  north,  13  east), 
Jamestown  Township,  Steuben  County,  and  partly  in  Branch  County, 
Michigan.    It  is  about  one  and  one-quarter  miles  in  length  by  three- 


quarters  of  a  mile  in  greatest  width.  Its  outline  is  somewhat  irreg- 
ular, there  being  two  bays  on  the  north  shore,  one  on  the  west  and 
two  on  the  south.  Those  on  the  north  are  much  the  larger 
and  art  foruicd  by  u  long  point  of  projecting  laud.  The  iiorth- 
weslorn  bay  is  Ihe  longer,  while  that  on  the  northeast  is  the  wider 
and  L-ontains  the  deeper  water.  The  level  of  the  lake  was  raised 
four  feet  in  183fi  by  the  bnilding  of  a  mill-dam  at  its  outlet.  Crooked 
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Creek^  near  the  southwestern  comer.     A  good  water-power  mill, 
erected  in  1862,  is  still  in  operation  at  this  point. 

Northeast  of  this  mill,  on  the  southwest  shore  of  the  lake,  is  a 
handsome  grove  now  much  frequented  by  picnic  parties.  East  of 
this  grove  the  banks  are  lower  and  the  adjacent  fields  are  cultivated. 
Along  the  southern  third  of  the  eastern  shore  there  is  a  long,  low 
wooded  stretch  of  territory.  North  of  this  the  eastern  bank  is  high 
and  sparingly  wooded,  forming  an  excellent  site  for  cottages,  of 
which  quite  a  number  have  been  erected  at  Spring  Bank.  In  front 
of  these  the  shore  and  bottom  are  of  gravel,  with  many  good-sized 
boidders  intermingled.  A  fine  spring,  flowing  40  gallons  or  more  per 
minute,  runs  into  the  lake  from  a  height  of  10  feet  above  the  water 
level.  Immediately  north  and  south  of  Spring  Bank  a  muck  meadow, 
10  to  20  rods  in  width,  intervenes  between  the  edge  of  the  water 
and  the  margin  of  the  wooded  hills.  This  would  indicate  that  the 
level  of  the  lake  was  once  at  a  suflScient  height  to  cover  the  present 
meadow  area.  In  the  northwest  comer  of  the  northeastern  bay  a 
lagoon  extends  back  in  which  there  is  much  muck  and  aquatic  vege- 
tation, as  spatterdock,  cat-tails,  etc.  The  long  lobe  of  land  extending 
into  the  lake  from  the  north,  has  its  eastern  bank  low,  with  stumps 
of  trees  out  in  three  and  four  feet  of  water.  The  western  bank  is  of 
gravel  and  rises  eight  feet  above  the  water  level.  It  is  well  wooded 
and  offers  fine  sites  for  summer  cottages.  The  northwestern  bay  ex- 
tends about  one-third  of  a  mile  north  from  the  southern  point  of 
this  lobe.  Its  shores  are  low  with  much  aquatic  vegetation  along  the 
margins.  The  same  is  true  of  the  western  shore  of  the  lake.  A  long 
point,  covered  with  rushes,  puts  out  at  (L)  and  forms  the  bay  to 
the  north. 

On  account  of  limited  time  no  lines  of  detailed  soundings  were 
made.  Dr.  Dryer  reports  that  "The  main  body  of  water  was  found 
to  have  nearly  a  uniform  depth  of  from  50  to  60  feet,  sinking  to  80 
feet  a  little  south  of  the  center,  the  depth  being  far  in  excess  of  what 
might  be  expected  from  the  character  of  the  shore.*' 

Marl: — Around  the  south  and  west  shores  the  area  of  shallow 
water  marl  is  not  wide.  Opposite  (B),  100  feet  from  shore  in  six- 
foot  water,  the  marl  was  six  feet  thick.  Two  soundings,  150  and 
260  feet  from  shore  showed  respectively  26  and  38  feet  of  water. 
'Opposite  (C),  75  feet  out,  the  marl  was  beyond  length  of  18-foot 
auger  in  seven  feet  of  water.  Between  (C)  and  (D),  150  to  200  feet 
from  shore,  the  bottom  of  marl  was  reached  but  once  in  six-foot 
water,  while  three-foot  water  had  gravel  bottom  beneath.     The 


70  BBPOBT  OF  STATE  GEOLOGIST. 

greater  part  of  the  southeastern  bay  is  underlain  with  marl  ranging 
up  to  12+  feet  in  thickness.  Opposite  (E),  200  feet  from  shore,  only 
five  feet  of  marl  occurs  beneath  six  feet  of  water,  but  it  deepens  to 
beyond  11  feet  in  seven-foot  water.  Between  (E)  and  (F)  only  a 
very  tenacious  blue  mud  occurs  beneath  six  and  seven  feet  of  water. 
Near  (G)  one-third  of  the  way  across  the  lake,  were  several  stakes, 
denoting  fishing  places,  which  were  sunk  into  the  marl — here  10 1- 
feet  thick  beneath  eight  feet  of  water.  Beyond  (F)  the  marl  sets 
in  200  feet  from  shore  in  five-foot  water,  but  it  is  dark-colored  or 
mucky.  It  gradually  thickens  and  150  yards  out  it  is  11+  feet  thick 
beneath  seven  feet  of  water.  Southeast  of  the  point  (H)  gravel  bot- 
tom only  is  found  in  seven-foot  water.  Going  westward  one-third  of 
the  way  across  the  northwest  bay,  a  fine  quality  of  marl  was  found 
10+  feet  in  thickness  at  several  points  beneath  eight-foot  water. 
One-half  way  across  near  (I)  the  water  was  30  feet  in  depth.  One 
hundred  yards  north,  a  growth  of  rushes  denotes  another  area  of 
shallow  water,  but  it  was  nowhere  less  than  eight  feet  deep  with  10+ 
feet  of  marl  beneath.  Opposite  (K),  100  yards  from  shore,  on  the 
six-foot  water-line,  12+  feet  of  good  marl  occurs.  North  of  this 
muck  sets  in  and  covers  much  of  the  bottom  of  the  shallow  water 
area.  Coming  south  between  (K)  and  (L)  12+  feet  of  marl  is  found 
everywhere  on  the  six-foot  water-line.  The  rush-covered  point  at 
(L)  is,  however,  composed  of  gravel,  and  no  marl  was  found  in  eight- 
foot  water,  east  or  south  of  its  extremity.  Between  (M)  and  (B)  the 
marl  sets  in  again  and  was  everywhere  found  beyond  reach  of  pole 
at  the  six-foot  water-line. 

From  the  above  facts  we  judge  that  at  least  two-thirds  of  the  orig- 
inal lake  area  is  underlain  with  12  feet  or  more  of  marl  of  a  good 
quality.  It  seems  to  be  lacking  over  part,  at  least,  of  the  eastern 
third  of  the  former  water  area.  The  deposit  is  not  deemed  available 
for  cement  making  with  the  present  facilities  for  securing  marl  be- 
neath deep  water. 

HOG  LAKE. 

Workable  Deposit,  Partly  Under  Deep  Water. 

Ilog  Lake  lies  two  miles  west  of  the  village  of  Jamestown  and  oc- 
cupies part  of  section  17  (38  north,  13  east),  Jamestown  Township. 
Its  northern  border  is  about  50  rods  south  of  the  Michigan  line. 
The  water  area  of  the  lake  was  lowered  about  eight  feet  in  1896,  by 
a  ditch  cut  from  it  northward  into  Walters  Lake,  so  that  the  present 
^rea  covered  by  water  is  probably  not  over  70  acres.    The  immediate 
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shores  of  the  lake  are,  except  on  the  east,  everywhere  low  and 
marshy.  On  the  south  and  west,  the  marshes  gradually  rise  into 
higher,  cultivated  land.  The  eastern  shore  is,  for  the  most  part, 
composed  of  a  gravelly  ridge  which  a  few  rods  back  from  the  water's 
edge  rises  to  a  height  of  15  or  more  feet.  On  the  north  a  level 
marsh,  50  rods  wide,  separates  Hog  Lake  from  Walters  Lake,  the  lat- 
ter lying  in  Michigan  just  north  of  the  State  line.  On  the  northwest 
is  an  extensive  tamarack  swamp.  An  island  of  five  or  six  acres, 
thickly  covered  with  tamarack,  birch  and  alder,  lies  a  little  south  of 
the  center  of  the  lake.     Since  the  latter  was  drained  the  channel 
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Fig.  3.    Map  of  Hog  Lake>  St«aben  Coanty,  Ind. 


west  of  the  island  has  become  choked  with  vegetation,  and  a  con- 
tinuous marsh  now  exists  between  the  island  and  main  land. 
A  long  marshy  point  puts  out  from  the  south  shore  to  the  north- 
east, thus  dividing  the  water,  at  present  existing  in  the  lake,  into 
three  lobes.  Among  the  moUusca  noted  in  Hog  Lake  were  Anodonta 
grandis  Say,  Unio  luteolus  Lam.,  Physa  heterostropha  Say,  Campeloma 
decisum  Say  and  the  Helisomas  trivolvis  and  hicarinata  Say. 

The  greatest  depth  of  water  found  was  north  of  the  island  where 
three  soundings,  10  rods  apart,  showed  n?spectively,  32,  35  and  33 
feet.  The  southeast  lobe  of  water  runs  up  to  24  feet  in  depth,  while 
no  sounding  in  the  southwest  lobe  showed  over  15  feet. 
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Mabl. — The  area  of  shallow  water  along  the  east  and  north  sides 
of  the  lake  is  not  wide.  A  belt  of  rushes,  Scirpus  lacusiris  L.  five  to 
ten  rods  in  width  fringes  these  shores  and  wherever  tested,  in  depths 
of  four  to  six  feet,  the  bottom  of  marl  was  not  found  with  an  18-foot 
auger?  The  tests  were  usually  made  near  the  outer  edge  of  the 
rushes  where  the  bench  of  marl  began  to  dip  rapidly  beneath  deeper 
water.  The  water  directly  east  of  the  island  in  the  middle  of  the 
channel  was  but  eight  to  10  feet  deep,  and  in  it  bottom  of  marl  was 
nowhere  reached.  At  only  one  point  (B),  opposite  north  end  of  the 
island  on  the  east  shore  was  bottom  reached  in  three  feet  of  water. 
Here,  with  21-foot  auger,  the  marl  was  found  to  be  16  feet  thick, 
with  gravel  beneath.  Along  the  north  side,  in  two  feet  of  water  76 
feet  from  shore,  the  bottom  of  marl  was  reached  at  depths  varying 
from  11  to  17  feet.  Marl  forms  the  surface  of  a  large  portion  of  the 
marsh,  (C)  and  (D),  between  Hog  and  Walters  lakes.  At  no  place 
was  it  less  than  14  feet  thick  and  the  large  majority  of  tests  showed 
more  than  21  feet.  On  the  west  side  of  the  drainage  ditch,  half  way 
between  the  two  lakes  and  five  rods  east  of  the  border  of  tamarack, 
it  was  16  feet  thick  beneath  one  foot  of  muck,  but  at  the  edge  of 
the  tamarack  was  not  found.  From  the  tests  we  judge  that  this 
marsh  of  20  or  more  acres  is  underlain  with  marl  of  an  average 
thickness  of  18  or  more  feet.  Walters  Lake,  30  rods  wide  by  70  rods 
long,  is  said  to  be  also  wholly  underlain  with  marl.  Being  in  Mich- 
igan, it  was  not  tested,  except  along  its  south  shore,  where  the  marl 
was  21+  feet  in  depth. 

Along  the  eastern  side  of  Hog  Lake,  north  of  the  island,  the  marl 
was  everywhere  18+  feet  iii  depth  in  three-foot  water.  East  of  the 
lake  and  north  of  the  half-section  line,  at  (E),  is  a  marsh  of  about 
20  acres,  over  much  of  which  the  marl  forms  the  surface.  Seven 
bores  were  put  down  on  this  marsh  which  showed  the  marl  at  the 
water^s  edge  to  run  from  15  to  21+  feet  in  thickness.  Near  the  north 
end  of  the  marsh,  and  10  rods  west  of  the  lake's  margin  the  marl 
was  still  21+  feet,  while  within  five  rods  of  the  western  margin  of 
the  marsh  it  was  eight  to  12  feet  deep.  On  the  north  side  of  the 
island,  at  the  edge  of  the  rushes,  75  feet  from  shore,  the  marl  was 
13  feet  thick  beneath  two  feet  of  water.  It  was  15  feet  thick  at 
several  places  along  the  south  side  of  the  island  and  at  (F)  on  the 
west  shore  of  the  lake  southwest  of  the  island  was  18+  feet  in  three 
feet  of  water.  At  (G)  it  had  increased  in  thickness  to  20+  feet  and 
the  larger  part  of  the  marsh  and  the  shallow  water  area  between  (G) 
and  (A)  was  underlain  with  a  deposit  20  or  jnore  feet  deep. 
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Taking  into  consideration  the  marl  in  and  about  Walters  Lake, 
we  have  here  a  first-class  workable  deposit.  The  two  lakes  can,  with 
little  expense,  be  lowered  so  that  the  larger  part  of  the  marl  now 
in  water  over  10  feet  in  depth,  will  become  available.  The  only 
drawback  to  this  deposit  is  its  distance  from  transportation  facili- 
ties, the  nearest  railway  being  seven  miles  to  the  eastward. 

An  analysis  of  an  average  sample  of  the  Hog  Lake  marl  showed  its 
composition  to  be  as  foUows: 

Calcium  carbonate 90.42 

Magnesium  carbonate 2.88 

Alumina 14 

Ferric  oxide J2S 

Insoluble  inorganic  matter  (silica,  etc.) 68 

Organic   matter 4.13 

Total  08.53 

The  marl  is  thus  proven  to  be  of  excellent  quality.  The  percentage 
of  organic  matter  is  a  little  high,  but  this  was  probably  due  to  the 
method  of  securing  the  samples.  The  organic  matter  is  destroyed 
during  the  process  of  burning  into  cement,  and  the  amount  present, 
when  less  than  six  per  cent,  has,  therefore,  little  or  no  effect. 


LIME  LAKB. 
Workable  Deposit. 

Lime  Lake  lies  about  one  mile  northwest  of  Orland,  in  section  18 
(38  north,  12  east),  Mill  Grove  Township.  In  shape  it  is  oval,  and  at 
present  has  but  about  15  acres  of  water  surface.  The  greatest  depth 
is  26  feet,  but  most  of  the  water  is  under  10  feet,  and  from  a  distance 
looks  like  milk  on  account  of  the  reflection  from  the  white  marl  at 
the  bottom.  The  lake  lies  in  a  narrow  valley  between  hills  30  or 
more  feet  in  height.  On  the  west  is  a  marsh  five  to  eight  rods  in 
width.  On  the  north  and  south  the  marsh  extends  for  a  long  dis- 
tance up  and  down  the  valley.  On  the  east  the  water  reaches  the 
base  of  a  ridge  of  gravel.  No  vegetation,  not  even  Chara,  exists  at 
present  in  the  water.  The  outlet  of  the  lake  is  a  small  stream  which 
flows  from  Anderson  Lake,  30  rods  north  of  the  State  line,  south- 
ward through  Lime  Lake  and  empties  into  Crooked  Creek.  The 
marsh  land,  mentioned  below,  lies  on  both  sides  of  this  stream. 

Mabl. — On  the  west,  north  and  south  sides  of  the  lake  at  the 
water's  edge,  the  marl  is,  with  one  exception,  everywhere  more  fhan 
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25  feet  thick.  It  also  exceeds  that  depth  in  the  marsh  to  the  soutli 
of  the  lake  as  far  an  the  road,  beyond  which  it  was  not  tested.  At 
the  extreme  southenstem  corner  of  the  lake  within  20  feet  of  the 
gravelly  ridge,  it  waa  but  six  feet  thick,  with  gravel  beneath.  Along 
the  east  side  in  three  feet  of  water,  70  feet  from  shore,  it  was  18+ 
feet  in  thickness. 

In  the  marsh  to  the  north,  which  is  over  tliroe-quartcrs  of  a  mile 
in  length  and  20  to  30  rods  in  width,  the  marl  comes  to  the  surface 
in  a  number  of  places,  and,  five  rods  out  from  the  foot  of  the  border- 
ing hills,  was  almost  universally  found  to  be  more  than  21  feet  in 
thickness.  In  a  few  places  it  is  overlain  with  muck  one  to  two  feet 
thick.    The  upper  three  or  four  feet  of  the  marl  beneath  the  muck 
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was  here,  as  elsewhere,  darker  than  that  in  the  lake,  on  account  of 
the  sediment  from  the  decaying  grass  and  other  muek-forming  vege- 
tation, soaking  through  it.  Anderson  Lake,  north  of  the  Michigan- 
Indiana  line,  ia  said  to  be  somewhat  larger  than  Lime  Lake,  and 
wholly  underlain  with  marl  which  in  places  has  been  tested  and 
found  to  be  more  than  35  feet  thick.    It  waa  not  visited  by  ua. 

The  marl  of  Lime  Lake  is,  in  appearance,  very  white  and  pure. 
It  was,  in  the  early  settlement  of  the  country,  burned  for  lime.    Dr. 
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Dryer,  who  visited  the  lake  in  1890,  made  a  chemical  analysis  of  a 
sample  of  the  marl  which  showed  its  constituents  to  be  as  follows:* 

Calcium  carbonate 86.00 

Magnesium  carbonate 9.42 

Iron  carbonate 1.16 

Silica  1.08 

Organic  matter 2.82 

Total 99.98 

The  amount  of  magnesium  carbonate  found  was  in  excess  of  that 
of  any  marl  of  which  analysis  has  been  made  in  the  State,  and  it  is 
very  probable  that  a  mistake  was  made  in  its  computation.  The 
other  impurities  are  very  few,  and  aside  from  the  magnesium  car- 
bonate the  anaylsis  indicates  a  deposit  of  high  grade. 

Taking  into  consideration  the  acreage  of  marsh  marl,  above  and 
below  Lime  Lake,  and  also  the  great  average  thickness  of  the  bed, 
there  is  here  a  good  workable  deposit,  which  will  doubtless  become 
utilized  whenever  transportation  facilities  are  secured. 

SHALLOW.  DEEP,  LITTLE  AND  BEAVER-DAM  LAKES. 

Workable  Deposit. 

These  four  lakes  are  connected  by  a  narrow  stream  and  so  form  a 
chain  which  occupies  a  valley  in  the  western  half  of  sections  6  and  7 
(37  north,  12  cast),  Jackson  Township.  They  are  about  12  miles 
east  of  the  Grand  Rapids  &  Indiana  Railway,  11  miles  west  of  the 
Fort  Wayne  Branch  of  the  L.  S.  &  M.  S.  Railway,  and  the  same  dis- 
tance north  of  the  Chicago  Division  of  the  Wabash  Railway. 

Beaver-Dam  Tjake,  in  the  northwestern  quarter  of  section  6,  is 
one-half  mile  long  by  about  30  rods  wide,  and  occupies  a  narrow  val- 
ley between  two  parallel  ridges.  Its  greatest  depth  is  said  to  be 
26  feet.  Little  Ijake  is  nothing  more  than  a  large  pond  in  the 
southwest  quarter  of  the  same  section.  Its  water  area  is  about  six 
acres  and  its  margins  arc  thickly  covered  with  rushes  and  other 
water-loving  vegetation.  These  two  lakes  were  not  visited,  but  it 
was  said  by  the  residents  of  the  vicinity,  that  their  bottoms  and 
margins  were  composed  wholly  of  marl  of  great  depth. 

Deep  Lake,  in  the  northwest  quarter  of  section  7,  has  a  water  area 
of  about  fifteen  acres  and  a  maximum  depth  of  28  feet.  Its  southern 
shore  is  less  than  30  rods  north  of  the  northwestern  corner  of  Shal- 
low Lake.    Its  shores  are  low  and  surrounded  by  marsh. 

*17th  Ann.  Rep.  Ind.  Geol.  Sary.,  1801,  p.  124. 
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Shallow  Lake  lies  near  the  center  of  eection  7.  It  has  been  re- 
cently drained  by  a  ditch  running  to  the  southwest,  so  that  in  Sep- 
tember, 1900,  it8  water  area,  of  about  60  acres,  was  nowhere  over  two 
feet  in  depth,  though  one  in  wading  was  apt  to  sinic  deeper  on  ac- 
count of  the  softness  of  the  marl  bottom.  Its  shores  are  low  and  sur- 
rounded bj  a  wide  marsh  except  on  the  east,  where,  10  rods  from  the 
edge  of  the  water,  a  gravel  ridge  rises  30  feet  above  the  lake.  From 
the  side  of  this  ridge,  opposite  the  middle  of  the  lake,  two  fine  springs 
emerge  about  10  rods  apart  The 
larger  of  the  two  has  a  Sow  of  at  least 
150  gallons  per  minute,  and  the  other 
one-half  as  much.  The  onl;  aquatic 
vegetation  in  the  lake,  other  than  scat- 
tered bunches  of  ruehes,  was  about  a 
half-acre  of  cat-tails,  near  the  south- 
em  end  of  the  eastern  shore. 

Marl. — On  the  north,  west  and 
south  shores  of  Deep  Lake,  the  marl  at 
the  edge  of  the  water  is  everywhere 
more  than  81  feet  thick.  The  bottom 
shelves  off  rapidly  into  10-foot  water. 
The  marsh  on  the  west  is  but  about  12 
rods  wide,  and  over  most  of  it  the 
muck  is  two  feet  deep  and  underlain 
with  marl,  which  diminishes  gradually 
in  thickness  from  the  edge  of  the  lake 
to  the  margin  of  the  hill.  Onthemarsh, 
between  Deep  and  Shallow  lakes,  the 
marl  forms  most  of  the  surface  and 
is  31+  feet  in  depth.  At  the  north- 
west comer  of  Shallow  Lake  one  bore 
was  put  down  with  a  25-foot  auger 
which  did  not  reach  bottom  of  marl. 
FiB.6.  M.pof6h.iiow.D«p,Litti«,  At  (A),  thirty  rods  southwest  and 
.ndB.«eri>.mL»k..,st<Db.n  50  J^^,^  f^^n,  jhe  former  edge  of  the 
Canutr,  Id<I.  ,  ,  .   ,        .  i  1 

lake,  it  was  15  feet  thick  with  gravel 

beneath.  Along  the  entire  west  shore  the  marl  was  found  to  be  21+ 
feet,  six  to  eight  rods  out  from  the  former  shore  but  ■jraduiilly  di- 
minishing to  13  feet  at  the  old  margin  of  the  lake.  On  the  south 
shore  bottom  was  nowhere  reached  at  21  feet,  and  a  number  of  tests 
showed  that  the  greater  part  of  the  30  acre  marsh  south  of  the  lake 
is  underlain  with  marl  of  an  equal  thickness.     On  the  east  side  of 
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the  lake,  on  account  of  the  proximity  of  the  gravel  ridge,  the  marl  is 
not  so  thick,  heing  hut  nine  feet  at  the  margin  of  the  former  lake, 
and  15  feet  six  rods  out  from  shore.  Between  the  springs,  at  (B), 
and  the  lake,  the  marsh,  10  to  15  rods  wide,  is  covered  with  a  fine 
wire-grass  and  underlain  with  marl  15  feet  or  more  in  depth,  while  at 
the  edge  of  the  water  it  is  21+  feet.  The  marsh  northeast  of  Shallow 
Lake  and  east  of  Deep  Lake  is  60  rods  long  hy  40  wide,  and  covered 
with  wire-grass.  The  surface  is  of  muck  two  to  six  feet  thick.  The 
southern  half  is  underlain  with  marl  from  four  to  15  feet  in  thick- 
ness, but  beneath  the  muck  of  the  northern  half  only  sand  was  found. 
Along  the  east  margin  of  Deep  Lake  the  marl  was  21+  feet  thick. 

An  analysis  of  an  average  sample  of  the  marl  from  this  deposit 
resulted  as  follows: 

Calcium  carbonate 93.29 

Magnesium  carbonate 2.67 

Alumina 04 

Ferric   oxide 12 

Insoluble  inorganic  matter  (silica,  etc.) 47 

Organic   matter 1.56 

Total 98.16 

This  shows  the  marl  of  Shallow  Lake  to  contain  the  highest  per- 
centage of  calcium  carbonate  of  any  deposit  in  the  State,  of  which 
analysis  was  made.  The  acreage  and  thickness  is  sufficient  to  justify 
the  investment  of  capital  for  the  purpose  of  cement  making,  and 
there  is  little  doubt  but  that  the  deposit  will  be  so  utilized  in  the 
future.  •    »  i    .^i   -. 


JAMBS  LAKE. 
Two  Workable  Deposits;  One  Largely  Under  Deep  Water. 

Lake  James  lies  in  sections  21,  22,  27,  28,  33  and  34  (38  north,  13 
oast),  and  sections  3,  4  and  10  (37  north,  13  east),  in  Johnson  and 
Pleasant  townships.  Its  southern  shore  is  three  miles  northwest  of 
Angola,  but  the  Fort  Wayne  Branch  of  the  L.  S.  &  M.  S.  Railway 
to  the  east  can  probably  be  reached  in  two  miles.  It  is  the  third 
largest  lake  within  the  State,  being  exceeded  only  by  Lake  Wawasee, 
Kosciusko  County  and  Lake  Maxinkuckee,  Marshall  County.  The 
total  length  of  James  Lake  is  nearly  five  miles  and  its  average  width 
about  one-half  mile.  It  covers  an  area  of  about  1,670  acres.  In 
sliape  it  is  very  irregular,  lying  mainly  in  a  north  and  south  line,  but 
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divided  into  five  basins,  separated  from  each  other  by  narrow  and 
often  shallow  channels. 

The  most  southeni  basin,  known  as  the  "Lower  Lake/'  is  about 
one  and  one-quarter  miles  in  length  from  north  to  south  and  three- 
quarters  of  a  mile  in  extreme  width,  with  a  very  irregular  shore  line, 
running  back  to  form  several  prominent  points  and  embayments,  as 
Sowles,  Ball's  and  other  bays.  The  maximum  depth  of  the  Lower 
Lake  is  65  feet.  Half  way  between  the  southeast  shore  and  Kouiid 
Island  the  depth  was  40  feet;  200  feet  west  of  the  island,  it  was  but 
18  feet,  while  100  yards  east  of  the  cottages  at  Spring  Point  it  was 
32  feet.  Three  small  islands,  Long,  Round  and  (.^^dar,  project  above 
the  water  and  several  shoals  nearly  reach  the  surface.  These  facts 
indicate  that  the  bottom  of  the  lake  is  very  uneven.  In  like  manner, 
the  area  of  shallow  water  along  the  shore  is  quite  irregular  in  places, 
as  at  (F)  being  very  narrow,  while  from  (D)  to  (E)  and  (G)  to  (J)  it 
projects  out  in  long  and  often  broad  points  several  hundred  feet 
from  shore,  making  the  average  width  of  shallow  water  over  the 
stretches  named,  probably,  200  feet.  The  shores  on  the  south  side 
of  this  basin  rise  rather  abruptlv  30  or  more  feet  and  are  heavily 
wooded  with  oak  and  hickory.  Those  on  the  east  and  northeast  are 
much  loftier,  reaching  a  height,  in  places,  of  100  or  more  feet.  On 
the  west,  between  Spring  Point  and  Ball's  Bay,  the  shores  are  much 
lower  and  the  adjacent  fields  are,  in  part,  cultivated. 

The  next  basin  north  of  Lower  Lake  is  known  as  "Middle  Lake.'' 
It  is  really  the  foot  of  the  entire  lake,  as  the  outlet.  Crooked  (llreek, 
fiows  from  it  into  »limerson  Lake.  This  basin  is  separated  from  the 
preceding  by  a  rather  narrow  strait  between  l^mo  Trcn*  Point  and 
Spring  Point,  in  the  center  of  which  was  formerly  an  island,  now  a 
shoal.  Northwest  of  this  shoal,  near  the  point  indicated  by  the  let- 
ter (M)  on  the  map.  the  water  was  32  feet  in  depth;  100  yards  farther 
northwest  it  was  56  feet;  while  a  third  sounding,  the  same  distance 
north  from  the  second,  showed  63  feet.  A  fourth,  200  yards  north 
from  the  third,  and  about  the  middle  of  this  basin  east  and  west,  gave 
72  feet,  the  greatest  depth  found  in  Middle  Lake,  though  Dr.  Dryer 
rejK)rts  80  feet  as  the  maximum.  The  band  of  shallow  water  around 
tills  basin  is  narrow  and  as  a  rub*  quite  regular.  A  small  shoal  exists 
just  south  of  (\'dar  Point.  Middle  ]>ake  is  about  a  mile  long  by  a 
Ihinl  of  a  mile  wide.  1^he  shores  are  more  regular,  though  two  bays 
or  points  put  out  from  it.  The  hills  on  the  east  rise  abruptly  from 
llu!  water,  are  heavily  wooded,  and  40  to  GO  feet  in  height.  To  per- 
sons willing  to  climb,  their  crests  contain  many  ideal  sites  for  sum- 
mer cottages.    The  shore  at  the  northwest  corner  is  low  and  marshy. 
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The  remainder  of  the  shore  line  slopes  upward  and  backward  into 
low  wooded  hills. 

The  third  basin  or  "Upper  Lake,"  is  reached  through  a  narrow 
channel  with  only  two  or  three  feet  of  water  over  the  bar  or  spit 

■ 

of  sand  which  puts  out  from  the  west  shore.  This  basin  is  a  mile 
long  by  three-quarters  of  a  mile  in  greatest  width.  A  depth  of  87 
feet  of  water,  the  "deepest  sounding  in  tlio  lake,"  is  reported  by 
Dr.  Dryer  to  have  been  found  a  few  rods  west  of  Eagle  Island,  which 
forms  part  of  the  north  shore  of  this  basin.  The  greatest  depth 
found  by  us  was  78  feet.*  The  belt  of  shallow  water  in  Upper  Lake, 
particularly  along  the  east  side,  is  broader,  ranging  from  100  to 
300  feet  in  width.  The  east  shore,  like  that  of  the  two  basins  to  the 
south,  is  densely  wooded,  but  the  hills  rise  only  about  30  feet.  The 
west  shore  is  of  rounded  hills  of  clay  and  gravel,  bare  of  timber, 
and,  near  the  northwest  corner,  sloping  gradually  upward  to  a  height 
of  100  or  more  feet. 

From  the  north  of  Upper  Lake,  an  unbroken  expanse  of  water 
formerly  extended  a  mile  and  a  half  to  the  northeast.  Now  the  en- 
croachments of  vegetation  have  nearly  cut  this  off  to  form  a  separate 
lake,  known  as  ''Snow  LaJce/'  This  is  also  nearly  divided  into  two 
separate  basins.  A  channel,  only  about  thirty  feet  wide  and  difficult 
to  find,  runs  through  the  marsh  to  the  cast  of  Eagle  Island,  and  ad- 
mits the  passage  of  a  row-boat  from  Upper  Lake  to  the  south  basin 
of  Snow  Lake,  the  longer  axis  of  which  extends  northeast  and  south- 
west and  is  continuous  on  the  east  with  the  valley  of  Otter  and  Marsh 
lakes.  This  basin  is  three-quarters  of  a  mile  long  by  one-sixth  of  a 
mile  wide  and  is  separated  from  the  much  larger  northern  basin  by  a 
long  marshy  point  from  the  northeast,  and  by  Deer  Island  and  a  bar 
to  the  east  of  that  island  covered  with  a  growth  of  rushes.  Several 
soundings  from  west  to  east  through  the  middle  of  the  basin 
gave  the  following  depths  in  feet:  78,  54,  40  and  36,  the 
first  and  deepest  being  south  of  Deer  Island.  This  island 
rises  40  feet  above  the  water,  contains  an  area  of  about  three  acres 
and  is  heavily  wooded  with  oak  and  other  timber,  forming  one 
of  the  prettiest  spots  about  a  lake  which  is  far  above  the  average  in 
picturesque  beauty.  Deer  Island,  as  well  as  Eagle  Island,  are  now 
both  connected  with  the  main  land  bv  oxt'Cnsive  marshv  meadows. 
Along  the  south  side  of  this  basin  the  shallow  water  area  is  from 
10  to  20  rods  in  width.  At  the  inlet  from  Otter  Lakes  the  vallev 
is  broad,  it  being  evident  that  at  one  time  the  lower  part  of  Snow 

*This  WM  near  the  point  ooonpied  bj  the  letter  '*  n  "  of*  upper*'  on  the  accompanying 
map. 
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Lake  extended  east  so  as  to  include  upper  and  lower  Otter  Lakes 
and  Marsh  Lake,  the  latter  about  two  miles  to  the  eastward. 

The  waterway  at  present  connecting  the  North  and  South  basins 
of  Snow  Ijake  is  a  channel  about  10  rods  wide  between  the  marshy 
point  at  (X)  and  the  oxtremity  of  the  bar  cast  of  Deer  Island.  The 
North  basin  is  very  nearly  a  mile  in  length  from  north  to  south 
and  not  quite  one-half  mile  in  average  width.  A  peninsula-like  point 
of  land  juts  into  the  water  from  the  north  shore,  forming  two  bays, 
the  eastern  one*  of  wliich  is  much  the  wider  and  receives  (Jrooked 
Creek,  the  outlet  of  (icorge  and  Mud  lakes.  A  small  island,  less 
than  an  acre  in  area,  and  covered  with  wire-grass  and  cat-tails,  rises 
three  feet  above  the  water  about  10  rods  south  of  the  extremity  of 
this  peninsula.  Betweeen  the  island  and  the  west  shore  the  water 
is  32  feet  in  depth.  Twenty  rods  southwest  of  the  island  a  shoal  10 
rods  wide,  and  thinly  covered  with  rushes  extends  in  a  southeasterly 
direction  almost  across  the  lake  basin.  The  water  over  this  shoal 
is  but  10  to  18  inches  deep.  West  of  the  shoal  two  soundings  gave 
respectively  48  and  36  feet  of  water.  In  the  southwest  bay,  northeast 
of  Deer  Island,  two  additional  soundings  showed  33  feet  and  52  feet; 
while  on  a  north  and  south  line  across  the  lake,  20  rods  east  of  Cedar 
Island,  not  over  32  feet  of  water  was  found.  The  east  shore  of  this 
basin  is  wooded,  but  the  hills  slope  back  gradually  and  rise  but  20  to 
30  feet  above  the  water.  The  shores  of  the  northeast  bay  are,  for 
the  most  part,  low  and  marshy.  I^e  northwestern  bay  has  a  narrow 
muck  meadow  between  the  water  and  the  adjoining  hills.  At  several 
points  northwest  and  west  of  Cedar  Island,  the  muck  banks  rise  ab- 
ruptly three  feet  and  more  above  the  water.  The  greater  part  of 
the  west  shore  is  bordered  with  marsh,  varying  in  width  from  10 
to  30  rods,  and  covered  w^ith  wire-grass  and  other  vegetation.  Back 
of  the  marsh  are  steep,  densely  wooded  hills,  rising  150  feet  or  more 
above  the  level  of  the  lake. 

Except  in  a  few  localities,  mollusca  were  not  plentiful  in  James 
and  Snow  lakes.  The  only  univalves  t^iken  were  Helisoma  trivolvis 
and  //.  hicarinaia  Say,  which  were  common  in  shallow  water  near 
shore.  One  of  the  bivalves,  Marfjnritana  mnrgiiiata  Say,  found  in 
Snow  Lake,  is  noteworthy  in  that  this  is  the  only  lake  in  which  it  was 
S(!en.  The  specimens  were  ])lentiful  jnst  south  of  Cedar  Island  and 
were  of  large  size.  Other  bivalves  were  Unio  luteolvs  I^am.,  Anodonta 
footiona  Lea,  A.  grand  is  Say,  A.  salmovia  I^ea,  and  .1.  edentula  Say, 
all  of  which  were  seen  in  small  numbers;  U,  luteolvs  being  the  most 
common  and  of  very  large  size. 
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The  waters  of  the  lower  and  middle  basins  of  Lake  James  are  quite 
free  from  vegetation.  In  the  channel  connecting  the  Middle  and 
Upper  basins  as  well  as  along  the  east  shore  of  the  latter,  the  eel 
grass,  Vallisneria  spiralis  L.,  grows  in  abundance,  as  do  also  several 
species  of  pond-weed  (Potamogelon),  and  the  two  rushes,  Scirpus 
americanus  Pers.  and  S,  lacusiris  L.,  the  latter  growing  in  water  up 
to  seven  feet  in  depth.  The  newer  portions  of  the  marsh  north  and 
cast  of  liaglc  Island  are  covered  with  cat-tail,  Typha  latifolia  L., 
while  several  species  of  marsh  grasses  and  sedges  thickly  cover  the 
older  portions.  The  channel  west  of  (B)  runs  between  dense  masses 
of  spatterdock,  Nymphaea  odvena  Sol.,  broad-leaved  arrowhead, 
Sagitiaria  latifolia  Willd.,  and  cat-tails.  In  the  northeastern  corner 
of  the  southern  basin  of  Snow  Lake  the  white  water  lily,  Castalia 
odorata,  and  the  spatterdock  are  both  abundant.  In  the  shallow 
water  areas  of  the  north  basin,  both  along  shore  and  over  the  shoal- 
like islands  of  marl  which  rise  nearly  to  the  surface,  the  eel  grass 
and  various  species  of  Potamogeton  grow  in  profusion.  In  fact  Snow 
Lake  contains  as  much  aquatic  vegetation  within  its  bounds  as  do 
all  the  other  basins  of  James  Lake  combined.  In  the  words  of  Dr. 
Dryer:  "The  group  of  lakes,  including  James  and  its  companions, 
furnish  about  ten  miles  of  boating,  every  rod  of  which  is  rendered 
delightful  by  repeated  surprises  and  a  changing  variety  of  pictur- 
esque scenes  which  rival  on  a  smaller  scale  Lake  George,  the  gem 
of  the  Adirondacks,  and  the  famous  Thousand  Islands  of  the  St. 
Lawrence.  The  region  around  it  might  be  fitly  characterized  as  the 
Alps  of  Indiana,  and  although  alpine  only  in  miniature,  is  worthy  to 
attract  more  attention  than  it  has  yet  received.  It  needs  only  to  be 
better  known  to  become  a  favorite  resort  for  many  who  now  travel 
hundreds  of  miles  in  search  of  the  beautiful  and  the  picturesque."* 

Marl. — Around  the  Lower,  Middle  and  Upper  lakes  at  nearly 
every  point  examined  marl  was  found,  and  in  general  deepened  rap- 
idly from  shore,  so  that  in  no  case  was  marl  in  four  feet  of  water 
found  to  be  less  than  12  feet  thick,  and  generally  the  bottom  of  the 
marl  was  not  reached  at  16  feet  in  two  feet  of  water,  and  on  the 
broad  shallow  bars  not  in  one  foot  or  six  inches  of  water.  Along 
much  of  the  shore  of  the  lake,  particularly  in  the  shallower  water, 
the  marl  is  markedly  concretionary  on  top  and  often  for  three  or 
four  feet  down.  In  places  these  concretions  are  like  coarse  grit, 
elsewhere  they  are  like  small  gravel.  Again  they  increase  to  a 
flattened  diameter  of  several  inches,  and  resemble  geodes  externally. 
The  formation  of  these  concretions  and  the  incrusting  of  shells  in  this 

*17th  Ann.  Rep.  Ind.  Geol.  Snrr.,  1801,  p.  123. 
*-Qeol. 
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and  other  lakes  has  already  been  mentioned  under  the  general  head- 
ing of  the  "Deposition  of  Marl."  This  concretionary  structure  might 
easily  be  mistaken  for  gravel,  for  often  the  drill  for  the  first  three  or 
four  feet  was  forced  through  it  witli  uuich  difficulty.  In  places  the 
encrusted  shells  are  just  scattered  here  and  there  on  the  bottom,  but 
at  other  places,  notably  along  the  cast  shore  of  tlic  bay  north  of 
Kagle  Island,  make  quite  a  thick  layer.  Here  also  the  pebbles  of  lime 
were  thrown  by  wave  action  in  windrows  along  tlie  shore. 

The  width  of  the  shallow  water  around  the  lake  has  already  been 
described  or  is  indicated  on  the  map.  At  the  mouth  of  a  little  branch 
from  the  northeast  at  (E)  the  marl  is  rather  shallow,  only  four  feet 
being  found  in  three  feet  of  water.  The  bar  running  from  (I)  to 
(J)  across  the  mouth  of  Sowles  Bay  was  thought  to  be  hard  bottom 
when  tested,  but  the  discovery  a  little  later  that  a  similar  hard  bot- 
tom was  an  unusual  thickness  of  concretionary  marl  led  to  the  theory 
that  we  had  been  in  error  and  that  the  bar,  like  the  rest  of  the 
shallow  water,  was  deep  marl.  It  is  so  mapped,  though  it  was  not 
retested.  The  shore  from  Paltrytown  to  Ball's  Bay  was  not  tested, 
but  is  reported  to  show  a  good  breadth  and  thickness  of  marl.  The 
marl  oflf  the  point  at  (L)  is  shallow,  three  feet  being  found  in  six 
inches  of  water.  At  the  east  side  of  Cedar  Island  it  was  14+  feet 
in  two  feet  of  water. 

The  tests  for  marl  in  September,  1900,  were  mostly  on  Snow  Lake, 
and  were  made  with  an  auger  18  or  21  feet  in  length.  However,  a 
few  were  made  along  the  east  shore  of  Upper  Ijake.  These  showed 
that  between  (C)  and  (B)  the  marl  was  everywhere  18+  feet  in  two 
and  three  feet  of  water.  Southwest  of  (B)  there  is  an  area  of  20  or 
more  acres  of  this  shallow-water  marl.  In  the  bay  north  of  Kagle 
Island  is  one  of  the  finest  deposits  in  Tipper  Lake.  In  a  number  of 
places  in  one  foot  of  water  10  feet  from  shore  the  marl  was  18 1 
feet  and  of  excellent  quality.  There  is  little  doubt  but  that  the 
greater  part  of  the  marsh  area,  (>()  or  more  acres,  to  the  (*ast  and 
northeast  is  similarly  underlain. 

An  analysis  of  an  average  sample  of  the  marl  from  the  ihr(M»  lower 
basins  of  James  Lake  gave  the  following  results: 

Calcium  carbonate 02.41 

Magnesium   carbonate 2.3S 

Calcium  sulphate 15 

Ferric  oxide 20 

Insoluble  inorganic  matter  (silica,  eto.) l.lfi 

Organic  matter 1.97 

Total 98.36 
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This  analysis  shows  the  marl  to  be  of  superior  quality;  the  per- 
centage of  carbonate  of  lime  being  above  the  average.  Dr.  Levette 
states  that  "A  heavy  deposit  of  lime  or  ^marF  on  the  west  margin  of 
James  Iiake  was,  in  the  early  settlement  of  that  region,  worked  for 
lime  for  making  mortar;  the  marl  pits  are  still  visible.''*  This  fact 
is,  in  itself,  a  good  evidence  of  its  excellent  quality,  for  only  the 
purest  deposits  of  marl  were  used  by  the  early  settlers  for  lime 
making. 

It  is  estimated  that  there  are  at  least  200  acres  of  marl  10  feet  or 
more  thick  beneath  less  than  six  feet  of  water  in  the  three  lower 
basins  of  James  Lake.  It  is,  however,  much  strung  out  along  the 
shore.  The  deep  water  of  these  basins  is  also  very  probably  almost 
wholly  underlain  with  a  thick  deposit.  Due  to  the  mill  below  and 
the  large  number  of  cottages  along  the  lake,  it  is  doubtful  if  its 
waters  will  ever  be  lowered.  Indeed  it  is  hoped  that  no  endeavor  will 
be  made  to  lower  them,  for  the  lake  is  far  more  valuable  to  the  citi- 
zens at  large  in  its  present  condition  than  it  would  be  were  its  water 
area  diminished  in  an  attempt  to  secure  the  marl  beneath  its 
depths. 

The  area  of  shallow  water  marl  in  Snow  Lake  is  proportionally 
much  larger  than  in  the  lower  basins  of  James  Lake.  This  is  due  to 
the  fact  that  there  are  many  shoals,  or  subaqueous  islands,  which  rise 
to  within  a  foot  or  18  inches  of  the  surface,  and  which  are  composed 
wholly  of  an  excellent  quality  of  marl  18+  feet  in  thickness.  These 
shoals  are  scattered  over  the  northern  and  eastern  portions  of  the 
north  basin. 

Between  Cedar  Island  and  the  northwest  shore,  the  marl  is  every- 
where present  in  shallow  water,  being  18+  feet  in  thickness  in  two 
feet  of  water.  Where  the  muck  banks  rise  perpendicularly  from  the 
water  the  marl  is  nine  feet  thick  and  underlain  with  gravel  at  the 
edge  of  the  bank.  That  portion  of  Cedar  Island  below  the  level  of 
the  surrounding  water  is  composed  of  marl  19-f  feet  in  thickness  on 
the  western  side,  and  eight  to  ten  feet  on  the  eastern.  The  long 
shoal,  10  rods  or  more  in  width,  which  reaches  nearly  across  the  lake 
basin,  southwest  of  Cedar  Island,  is  underlain  with  marl  18+  feet 
thick  and  very  white  in  color.  Between  (Z)  and  the  north  end  of 
Deer  Island  the  shallow  water  area  is  from  5  to  25  rods  in  width; 
the  bottom  of  marl  in  no  place  being  reached  with  18-foot  pole. 
South  of  Deer  Island,  100  feet  from  shore,  the  marl  was  13  feet 
thick  in  two  feet  of  water,  with  gravel  beneath. 


* 8ey«iith  Ann.  lUp.  Ind.  Oeol.  Sarv.,  1875,  p.  491. 
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At  the  western  end  of  the  south  basin  at  the  edge  of  the  marshy 
the  marl  was  18+  feet,  20  feet  from  shore  in  three  feet  of  water. 
Along  the  southern  shore  of  this  basin  the  shallow  water  area,  10  to 
20  feet  in  width,  is  all  underlain  with  marl  to  beyond  reach  of  18-foot 
pole,  except  close  to  shore  where  the  marl  runs  from  five  to  12  feet 
in  thickness.  In  the  northeast  corner  of  the  same  basin,  there  is 
a  large  shallow  water  area,  in  which  muck  from  one  to  two  and  a 
half  feet  thick  overlies  14+  feet  of  marl.  A  similar  area  five  to  10 
rods  in  width  is  found  along  the  south  side  of  the  long  marshy  point 
separating  the  two  basins.  At  (X)  there  is  16+  feet  of  marl  beneath 
two  feet  of  water.  The  same  thickness  is  found  on  the  west  side 
of  the  channel.  On  the  east  side  of  the  north  basin,  the  shallow 
water  marl  ranges  in  thickness  from  five  to  16+  feet,  except  along 
the  east  shore  of  the  bay  which  receives  Crooked  Creek,  where  it  it) 
largely  replaced  by  muck. 

Taking  into  consideration  its  great  average  thickness,  the  deposit 
of  shallow  water  marl  in  Snow  Lake  alone  is  of  workable  size,  and 
would  fully  justify  the  erection  of  a  large  Portland  cement  factory. 
The  quality  of  the  marl  is  also  of  the  very  best,  fully  equalling  that 
of  James  Lake,  an  analysis  of  which  is  given  above. 

CROOKED  LAKE. 

Workable  Deposit,  Mostly  Under  Deep  Water. 

Crooked  T^ke  lies  in  sections  6,  7,  8,  9,  16  and  17  (37  north,  13 
east),  Pleasant  Township.  It  is  about  three  miles  northwest  of 
Angola  and  somewhat  less  from  the  Fort  Wayne  Branch  of  the  Lake 
Shore  &  Michigan  Southern  Railway.  The  lake  was  originally  bottle 
or  gourd  shaped,  but  is  now  practically  divided  in  two  at  the  east 
side  of  section  7.  The  main  part,  or  the  part  east  of  this,  is  divided 
into  two  lobes  by  a  long  point  from  the  north.  The  part  west  of  the 
road,  in  section  7,  is  really  a  long  narrow  nock  nearly  choked  with 
vegetation.  The  total  area  of  the  lake  is  about  050  acres,  of  which 
the  eastern  lobe  has  about  400,  the  middle  225,  th(»  western  325 
acres. 

The  eastern  basin  is  nowhere  deeper  than  30  feet  and  contains 
much  shallow  water.  From  (C)  on  the  east  side  a  broad  hammer- 
shaped  bar  extends  out  half  way  across  the  lake.  The  water  here 
is  nowhere  more  than  two  feet  in  de])th,  even  on  the  i)art  farthest 
out.  Just  west  of  it  is  a  small  island  or  shoal.  From  the  west  shore 
at  (R)  extends  out  a  broad  bar  bending  to  the  north.    Over  much  of 
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this  the  water  ie  only  six  inches  to  one  foot  in  depth.  The  point  of 
land  from  the  north  ie  continued  out  some  distance  to  the  south  in 
a  long  shoal.  The  shallow  water  helt  from  (A)  to  (B)  is  usually  less 
than  100  feet  in  width. 

In  the  middle  hasin  there  is  a  large  area  of  shallow  water  just 
west  of  the  end  of  the  point  from  the  north.  At  the  western  end 
the  embayment  (E  M  I  H)  is  now  nearly  filled  up,  being  practically 
shut  off  from  the  lake  by  a  marl  bar.  The  northwestern  lobe  is 
very  shallow,  in  places  being  readily  crossed  by  wading. 

Though  abrupt  in  places,  the  banks  are  neither  as  high  nor  m 
steep  as  those  around  much  of  the  neighboring  Lake  James.     In 


.    Uapaf  Cro0kBdLska,8t«ul 


places  they  rise  from  50  to  70  feet  above  the  water  level  of  the  lake. 
At  several  places  along  the  east  shore  is  a  broad  sandy  beach  very 
popular  with  bathers. 

Mari^. — From  (A)  to  (B)  the  shore  is  sandy  to  a  depth  of  one  or 
two  feet  of  water.  At  25  feet  from  shore  the  water  is  three  or  four 
feet  deep  and  the  marl  from  one  to  five  feet  thick.  Toward  (A) 
there  is  usually  some  sand  over  the  marl,  often  six  inches  or  more, 
giving  the  impression  that  there  is  no  marl  present.  The  six-foot 
water  line  runs  from  60  to  100  feet  from  shore  end  beyond  it  the 
drill  at  no  point  reached  the  bottom  of  the  marl,  indicating  quite  a 
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rapid  thickening  of  the  deposit.  The  long  point  running  out  from 
(C)  has  no  marl  on  its  crest,  but  on  the  flanks  of  the  point  the  marl 
rapidly  thickens  up.  In  the  bay  enclosed  by  the  point  on  the  south 
the  water  is  shallow.  Eunning  west  from  a  little  south  of  (C)  no 
marl  is  found  in  two  feet  of  water.  In  three  feet  of  water  75  feet 
from  shore  the  marl  is  three  feet  thick.  It  is  six  feet  thick  from 
where  the  water  is  four  feet  deep  to  where  it  is  over  seven  feet  deep, 
but  in  nine  feet  of  water  several  himdred  feet  from  shore  the  bottom 
could  not  be  reached  with  a  16-foot  pole.  At  (D)  the  marl  was  over 
13  feet  deep  in  three  feet  of  water  quite  close  to  shore.  Due  to  the 
breaking  of  the  drill  the  tests  from  (D)  to  (H)  were  made  with  only 
a  nine-foot  drill.  Sand  and  gravel  occur  near  the  shore  at  (6)  and 
there  is  only  three  feet  of  marl  in  four  feet  of  water,  but  at  all  other 
points  the  bottom  of  the  marl  was  not  reached  in  three  or  four  feet 
of  water.  From  (H)  to  (K)  is  a  marl  beach  with  a  channel  cut 
through  to  the  crest.  The  marl  at  every  point  tested  was  over  16  feet 
deep.  West  of  this  toward  the  road  it  appeared  to  be  all  marl  but 
was  too  soft  to  wade,  so  was  not  tested.  The  southern  end  of  the 
western  basin  at  (J)  is  a  floating  meadow  underlain  with  marl  beyond 
reach  of  16-foot  pole.  Only  a  short  distance  north  there  is  hard 
bottom  nearly  if  not  quite  clear  across  and  tests  between  (L)  and 
(K),  made  by  wading,  gave  only  hard  bottom.  From  (M)  to  (N)  the 
marl  is  variable.  In  places  there  are  over  13  feet  in  three  feet  of 
water;  in  others,  only  one  foot.  At  one  point  four  feet  of  water 
has  only  seven  feet  of  marl  beneath.  From  (N)  to  (P)  the  marl  is 
thinner,  the  bottom  near  shore  being  hard  and  at  several  places 
along  the  six  foot  water  line  the  marl  was  only  three  feet  deep  with 
one  foot  of  marl  in  four  feet  of  water.  In  other  places  five  feet  of 
water  showed  from  five  to  seven  feet  of  marl.  Marl  is  wanting  over 
most  of  the  broad  shoal  between  (P)  and  (Q),  but  occurs  around  the 
edges,  running  from  six  to  10  feet  deep  in  three  to  four  feet  of  water. 
Tlie  subaqueous  point  running  out  from  (Q)  showed  eight  feet  of 
marl  with  three  feet  of  water.  The  center  of  the  shoal  (U)  was 
not  examined,  but  marl  is  probably  not  found  there,  as  only  nine 
feet  of  marl  was  found  in  four  feet  of  water  on  the  west  side.  The 
center  of  the  bar  from  (R)  to  (W)  shows  no  marl,  but  the  marl 
deepens  rapidly  around  it,  so  that  the  bottom  is  below  16  feet  in 
three  and  four  feet  of  water.  From  (A)  to  (T)  the  bottom  is  sand 
and  boulders  with  no  marl  in  16  feet  or  less  of  water.  At  (T)  marl 
sets  in  again,  there  being  about  six  inches  in  four  feet  of  water 
increasing  to  nine  feet  at  the  six-foot  water  line. 
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Dr.  G.  M.  Levette,  who  visited  Crooked  Lake  in  1875,  made  the 
following  statement  concerning  the  marl:  "In  this  lake  the  deposi- 
tion of  lime  (locally  called  ^marl'),  from  the  water,  by  the  action  of 
light  and  vegetal  growth,  may  be  studied  to  advantage.  The  water 
is  of  crystal  clearness,  and  objects  on  the  bottom,  under  10  or  16 
feet  of  water,  may  be  distinctly  seen.  Muissels  (UnionidcB)  are  very 
abundant,  and  the  posterior  part  of  the  shells,  through  which  the 
breathing  tubes  project  up  into  the  water,  are  almost  universally 
built  up  with  a  soft,  pasty  deposit  of  lime,  varying  in  thickness  from 
a  half  inch  to  an  inch  and  a  half,  giving  them  the  appearance  of  being 
much  longer  than  they  really  are.  This  coating  of  lime  excludes 
the  light  so  completely  that  the  epidermis  beneath  is  a  pale  salmon 
hue,  and  without  the  rays  and  color  markings  peculiar  to  the  species 
in  running  streams.  The  broken  surfaces  of  stones,  bits  of  wood, 
which,  from  partial  decay,  have  sunk  to  the  bottom,  and  the  dead 
stalks  of  grass  and  weeds,  are  all  coated  with  a  film  of  lime.  This 
incrustation  appears  to  accumulate  more  rapidly  in  shallow  water, 
where  the  sun's  rays  heat  it  more  quickly  and  to  a  higher  tempera- 
ture than  in  deeper  portions  of  the  lake. 

"A  bottle  of  water  was  taken  from  this  lake  and  sent  to  the  labora- 
tory at  Indianapolis  for  analysis.  It  is  clear  and  has  a  pleasant  taste 
and  is  neutral  to  litmus  paper.  An  imperial  gallon  (10  pounds)  con- 
tains 10.5  grains  of  solid  mineral  matter,  composed  of 

Bi-carbonate  of  lime 7.00  grains. 

Iron,  alumina  and  silica 2.10  grains. 

Magnesia  and  undetermined 1.40  grains. 

Total 10.50 

"It  contains  no  more  mineral  matter  than  is  commonly  present 
in  river  water  and  is  not  only  a  potable  water  in  a  most  eminent  de- 
gree, and  may  be  drawn  from  the  bottom  with  a  temperature  of  50 
degrees,  which  is  refreshingly  cool  without  the  addition  of  ice,  but  is 
likewise  well  suited  for  laundry  purposes  and  for  those  branches  of 
manufactures  which  require  large  quantities  of  water,  such  as  tlio 
manufacture  of  fine  writing  paper,  printing  paper,  etc."* 

*7th  Ann.  Rep.  0«ol.  Snry.  of  Ind.,  1875,  pp.  490  and  40. 
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GAGE  AND  LIMB  LAEBS. 

WOBKABLB   DbPCKIT. 

Luke  Gage  lies  a  short,  distaoce  northeaBt  of  Crooked  Lake,  with 
which  it  IB  connected  hy  Concord  Creek.  It  occupies  a  part  of  section 
35  (38  north,  IS  cast)  and  section  2  (37  north,  12  east),  its  eaatem 
shore  heing  about  eight  miles  west  of  the  Fort  Wayne  Branch  of  the 
L.  S.  &  M.  S.  Railway. 


Pis.  8.    Ukpof  GftE«  ind  Lime  Lakai,  Steuben  Coantr,  In< 


This  lake  is  heart-shaped  and  quite  regular  in  outline.  It  has  an 
area  of  about  350  acres  and  a  diameter  of  one  mile  bv  three-quarters 
of  a  mile.  The  lake  occupies  a  single  deep  and  regular  basin  with  a 
drpfh  through  the  center  of  50  to  70  feet.  The  area  of  shallow  water 
is  usually  broad,  being  especially  so  at  the  north  near  the  outlet. 
The  general  shape  and  position  of  the  line  of  six  foot  water  is  shown 
on  the  map. 

The  lake  ranks  among  the  prettiest  in  the  county,  being  clear  and 
clean  without  adjoining  marsh  or  much  aquatic  vegetation.  On  the 
eaet,  biUs  of  gravel  rise  ^5  tp  40  feet  above  the  wat«r.    The  other 
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shores  are  less  in  height,  are  composed  mainly  of  sand  or  gravel, 
and  are  less  regular  in  outline.  There  is  evidence  that  the  lake  is 
now  higher  than  at  some  past  time. 

Mabl. — ^The  largest  deposit  of  marl  found  was  at  (A).  Going 
south  from  the  shore  the  maH  sets  in  about  50  feet  out  in  about  two 
feet  of  water.  At  150  feet  out  the  water  is  three  feet  deep  and  marl 
10  feet  in  thickness.  At  twice  that  distance  the  water  is  four  feet 
deep  and  marl  beyond  reach  of  16  foot  drill.  The  six  foot  water  line 
is  here  nearly  1,000  feet  out.  Just  west  of  this  and  200  feet  from 
shore  the  marl  is  only  three  feet  deep  in  five  feet  of  water.  Going 
from  (A)  to  (B)  the  belt  lacking  marl  broadens  from  less  than  50 
feet  to  over  200,  there  being  no  marl  at  (B)  in  four  feet  or  less  of 
water.  The  line  of  six-foot  water  there  becomes  a  belt  400  feet  or 
more  wide  with  the  marl  four  feet  deep  on  the  inside  and  10  feet 
or  over  on  the  outside.  From  (B)  to  (D)  the  belt  of  shallow  water  is 
narrow,  usually  not  over  100  feet,  but  getting  gradually  deeper. 
There  is  no  marl  close  to  shore,  and  at  only  one  point  was  it  found 
in  four  feet  of  water.  In  seven  feet  of  water  the  marl  is  usually  over 
nine  feet  thick.  From  (E)  to  (F)  the  belt  of  shallow  water  is  ir- 
regular but  broad,,  extending  out  400  or  500  feet  from  shore.  Except 
in  three  feet  or  less  of  water,  the  marl  was  everywhere  below 
reach  of  16-foot  drill.  From  (F)  to  (I)  the  shallow  water  is  very 
narrow,  except  at  (G)  and  (H).  In  places  at  15  feet  from  shore  in 
one  or  two  feet  of  water  no  marl  was  found,  while  at  30  feet  out  in 
four  feet  of  water  the  marl  was  over  12  feet  thick.  The  marl  is  deep 
on  the  two  points  mentioned. 

In  appearance  the  marl  of  this  lake  was  of  a  light  dove  color  and 
unusually  smooth  and  even.  There  is  little  doubt  but  that  it  under- 
lies three-fourths  of  the  water  area  of  the  lake. 

LIME  LAKE. 

Lime  Lake  lies  just  northwest  of  Lake  Gage  in  section  35.  It  is 
a  small  lake  of  about  50  acres  and  is  said  to  be  about  30  feet  deep  in 
the  center.  There  is  a  broad  bench  of  shallow  water  all  around  the 
lake,  and  its  shores  are  low. 

Marl. — Except  close  to  shore  all  the  tests  made  failed  to  reach  the 
bottom  of  marl  with  the  16-foot  drill.  The  deposit  of  shallow  water 
marl  in  the  two  lakes  is  amply  sufficient  to  justify  the  erection  of 
a  good-sized  cement  factory;  the  deficiency  in  acreage  being  counter- 
balanced by  the  greater  average  depth.  The  distance  of  transporta- 
tion facilities  is,  at  present,  the  greatest  drawback,  and  deposits  more 
favorably  situated  will  doubtless  be  sooner  developed. 
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FOX  LAKE. 
Not  a  Workable  Deposit. 

Fox  Lake  lies  a  mile  or  less  southwest  of  Angola  in  sections  27, 
33  and  34  (37  north,  13  east).  Pleasant  Township.  It  is  only  about 
half  a  mile  from  the  Fort  Wayne  Branch  of  the  L.  S.  &  M.  S.  Rail- 
way. The  lake  is  three-quarters  of  a  mile  long  by  half  a  mile  broad, 
with  an  area  of  about  150  acres.  A  long,  low  point  from  the  north, 
near  the  west  end,  shuts  off  a  small  bay. 

The  deep  water  of  the  lake  has  a  very  uniform  depth  of  more 
than  40  feet,  with  a  maximum  of  60  feet.  The  water  is  clear  and 
cold,  with  clean  shores  and  no  marsh  except  at  one  point  near  the 
west  end.  A  long  point  of  shallow  water  extends  out  from  (B)  on 
the  northeast  shore  of  the  lake.    Along  the  part  of  the  shore  in  sec- 


Fig.  9.    Map  of  Fox  Lake,  Steuben  County,  Ind. 

tions  28  and  33  the  shallow  water  belt  is  narrow.  Around  the  rest 
of  the  lake  it  is  broader  and  more  variable,  there  being  several  pro- 
jecting submerged  points  on  the  south  side.  The  shores  are  high 
and  abrupt  all  around  this  lake  except  near  the  outlet,  which  flows 
southeasterly  into  Pigeon  Creek. 

Marl. — At  (A)  the  marl  is  eight  feet  thick  in  four  feet  of  water, 
and  more  than  10  feet  thick  in  seven  feet  or  over  of  water.  Over  the 
broad  shallow  bar  running  oat  from  (B)  the  water  is  from  one  to  four 
feet  deep  and  the  marl  from  nine  feet  to  over  16  feet  in  thickness. 
At  the  eastern  end  of  the  lake  the  marl  does  not  set  in  until  the 
water  reaches  a  depth  of  between  one  and  two  feet.  In  two  feet  of 
water  the  marl  showed  a  depth  of  eight  feet  and  in  two  and  one-half 
feet  of  water,  75  feet  from  shore,  was  more  than  14  feet.    From  (D) 
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to  (F)  are  several  points  on  which  the  marl  was  oyer  16  feet  thick 
except  at  (E)  where  the  marl  was  found  to  be  shallow  on  the  crest  of 
the  point.  Prom  (6)  to  (I)  the  six-foot  water  line  runs  from  25  to 
50  feet  from  shore,  with  marl  to  below  drill  at  most  points,  but 
shallower  at  (G).  There  the  marl  was  one  foot  thick  at  the  shore 
and  eight  feet  thick  in  seven  feet  of  water.  Around  the  long  point, 
beneath  two  feet  of  water,  the  marl  ran  over  14  feet  thick.  At  the 
north  side  of  the  lake  the  shallow  water  is  broader,  three  feet  of 
water  at  200  feet  from  shore  showing  11  feet  of  marl. 

While  the  lake  is  largely  underlain  with  marl,  the  acreage  is  not 
deemed  sufficient  to  justify  the  outlay  of  capital  for  a  cement  factory, 
especially  as  much  of  the  marl  is  at  present  beneath  deep  water. 


PLEASANT  AND  LONG  LAKES. 

Not  a  Wobkable  Deposit. 

pleasant  lake. 

This  lake  is  situated  near  the  town  of  the  same  name,  on  the  Fort 
Wayne  Branch  of  the  L.  S.  &  M.  S.  Railway.  It  is  in  sections  14,  15, 
22  and  23  (36  north,  13  east),  Steuben  Township.  The  lake  is  half 
a  mile  long  by  a  quarter  of  a  mile  wide,  with  an  area  of  about  75 
acres.  The  basin  is  symmetrical,  with  a  depth  of  30  feet  close  to 
shore  and  40  to  50  feet  through  the  middle.  The  belt  of  shallow 
water,  as  a  rule,  is  very  narrow.  The  banks  rise  sharply  all  around, 
except  at  the  outlet,  to  a  height  of  10  to  20  feet. 

Marl. — In  the  northwest  comer  of  the  lake  the  drill  found  only 
muck,  that  in  two  feet  of  water  being  three  feet  deep,  but  running 
out  before  a  depth  of  13  feet  of  water  is  reached.  Going  south  along 
the  west  shore  the  marl  sets  in  and  increases  in  depth.  At  (B)  the 
marl  is  four  feet  deep  in  one  foot  of  water  and  six  feet  deep  in  two 
feet  of  water.  At  (C)  it  is  10  feet  deep  in  three  feet  of  water,  and  in 
deeper  water  quickly  extends  to  below  16  feet.  Continuing  toward 
(D)  the  marl  becomes  thin  until  at  that  point  it  is  not  over  three  feet 
thick  in  any  depth  of  water  up  to  16  feet.  At  (E)  only  muck 
was  found.  The  largest  body  of  marl  occurs  in  the  embayment  at 
(F),  where  drillings  in  from  two  to  four  feet  of  water  failed  to  reach 
the  bottom  of  the  marl,  four-foot  water  extending  about  150  feet 
from  shore.  Toward  (G)  the  marl  is  still  over  10  feet  thick  on  the 
six-foot  water  line,  50  feet  from  shore.  At  (H)  four  feet  of  water 
shows  from  two  to  10  feet  of  marl.  At  (I)  the  marl  is  nine  feet 
deep  on  the  six-foot  water  line,  30  feet  from  shore,  and  just  on  the 
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edge  of  deep  water.  Toward  (K)  the  marl  becomes  shallow,  being 
four  feet  deep  in  three  feet  of  water  at  (J),  25  feet  from  shore;  but 
at  (K)  only  reaches  a  thickness  of  one  foot  in  nine  feet  of  water.  At 
(L)  four  feet  of  mucky  marl  was  found  in  seven  feet  of  water. 

The  shallow  water  marl  deposit  in  the  lake  is,  from  the  tests,  seen 
to  be  meager  in  size,  while  that  supposed  to  be  in  deep  water  is  not 
promising. 

LONG  LAKE. 

Long  Lake  lies  just  northwest  of  Pleasant  Lake  village,  close  to  the 
L.  S.  &  M.  S.  Railway.  It  is  in  sections  15  and  16  (36  north,  13  east). 
The  lake  is  a  little  over  one  mile  long  by  one-quarter  of  a  mile  wide, 
much  resembling  in  shape  a  willow  leaf,  and  has  an  area  of  about 
150  acres.  In  depth  Long  Lake  varies  from  25  to  40  feet.  Except 
at  the  east  end  the  belt  of  shallow  water  is  rather  narrow.  The  land 
around  the  lake  is  inclined  to  be  marshy,  and  an  extensive  marsh 
stretches  east  and  south  from  the  eastern  end  of  the  water  area. 
The  water  of  the  lake  is  of  the  rich  amber  color  characteristic  of 
Pigeon  Creek,  which  flows  through  the  lake,  entering  at  a  point  west 
of  the  middle  on  the  north  side  and  flowing  out  at  the  western 
extremity. 

Marl. — At  the  east  end  of  the  lake  the  bottom  is  of  muck  to  be- 
yond reach  of  pole  at  all  depths  of  water  from  one  to  six  feet.  From 
(B)  to  (D)  marl  sets  in,  and  while  not  far  from  (B)  it  reaches  a  thick- 
ness of  12  feet  in  two  feet  of  water,  it  grows  shallower  to  the  west, 
finally  running  out  between  (D)  and  (E),  where  the  bottom  is  of  sand 
at  all  depths  up  to  16  feet.  On  the  south  side  of  the  lake,  marl  shows 
from  (F)  to  (H).  It  is  of  fair  depth,  the  marl  in  three  to  four  feet  of 
water  running  from  eight  to  12  feet  in  thickness,  while  near  (H)  it 
was  over  12  feet  in  four  feet  of  water.  The  shallow  water  varies  in 
width  from  75  or  less  to  150  feet.  A  little  east  of  (H)  sandy  bottom 
sets  in  and  is  found  at  all  depths  between  (H)  and  (J),  where  the 
marsh  begins. 

The  tests  show  that  the  area  of  shallow  water  marl  in  Long  Lake 
is  less  than  in  Pretty  Lake,  and  we  are  therefore  led  to  believe  that 
no  workable  deposit  of  marl  occurs  in  the  two  lakes,  even  if  that 
below  deep  water  was  largely  available. 
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BOWER  AND  GOLDEN  LAKES. 

Not  a  Workable  Deposit, 
big  and  little  bower  lakes. 

These  are  two  small  lakes  or  kettle  holes  filled  with  water,  through 
which  Pigeon  Creek  runs  on  its  way  from  Long  Tjake  to  (Jolden  Lake. 
The  deep  water  of  each  sets  in  close  to  shore.  Only  muck  was  found 
on  the  south  side  of  Little  Bower.  On  the  north  side  a  little  marl 
was  found  under  six  feet  of  muck.  In  Big  Bower  13  feet  of  mucky, 
marl  was  found  in  two  feet  of  water  at  (C)  and  a  little  marl  under 
15  feet  of  muck  at  (B);  otherwise  only  muck  was  found. 

OOLDEN  LAKE. 

Golden  I^ake  lies  just  northwest  of  Big  Bower  I/ake,  in  sections  5, 
6  and  8  (36  north,  13  east).  It  has  a  length  of  about  one  and  one-half 
miles  and  a  width  of  one-quarter  of  a  mile.  In  shape  it  is  a  counter- 
part of  Long  Lake  with  a  more  irregular  slioro  line.  Its  depth 
varies  from  25  to  40  feet. 

Marl. — On  the  north  side  a  little  marl  was  found,  usually  under 
several  feet  of  muck.  On  the  south  side  \hv  bottom  seems  to  bo 
hard  out  to  where  the  water  is  three  or  four  feet  deep.  Then  the 
marl  sets  in,  but  it  is  mucky  and  shallow.  At  (C)  the  marl  is  only 
three  feet  deep  in  seven  feet  of  water.  At  (D)  it  is  11  feet  deep  in 
four  feet  of  water.  At  (¥j)  it  has  become  shallow  again  and  is  ap- 
proximately as  at  (C).  At  (F)  the  marl  is  five  feet  deep  in  four  feet 
of  water  and  seven  feet  deep  in  seven  feot  of  water,  but  with  muck 
on  top.  In  water  over  10  feet  the  bottom  of  marl  could  not  be 
reached  on  the  north  side,  but  it  was  generally  quite  mucky.  Wliile 
there  is  doubtless  a  large  area  of  deep  water  marl  in  the  lake,  it 
can  never  be  used  for  cement  making  on  account  of  its  quality. 

SILVER  LAKE. 
Workable  Dfposit. 

Silver  liake  lies  four  miles  west  of  Angola,  in  srctions  V.K  'M),  .'U 
and  32  (37  north,  13  east).  Pleasant  Township.  While  only  Iwo  and 
one-half  miles  in  a  straight  line  from  the  I'^ort  Wayne  Rraneli  of  the 
L.  S.  &  M.  S.  Kailway,  it  did  not  api»ear  pnssil)le  for  a  switch  to  be 
built  via  Fox  Lake,  but  it  must,  instead,  go  from  Pleasant  l/ake 
down  Pigeon  Creek  by  tin*  side  of  (t olden  and  Hog  Hack  Lakes.  Sil- 
ver Lake  is  oval  in  shape,  one  mile  long  by  three-quarters  of  a  mile 
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wide  and  with  an  area  of  about  300  acres.  The  marl  deposit  in  this 
lake  and  adjacent  to  it  extends  np  under  a  large  marshy  area  to  the 
north  (probably  100  acres  or  more),  including  Mud  Lake  and  a  small 
lake  in  section  19. 

The  lake  is  rather  shallow,  the  greatest  depth  being  only  25  to  30 
feet,  while  probably  half  of  its  area  has  a  depth  of  six  feet  or  iess. 
Most  of  the  shallow  water  is  in  the  northeast  part.  Three  island- 
like  Bhoalp,  noted  on  the  map,  come  nearly  to  the  surface  of  the 
water. 

The  outlet  starts  from  a  little  basin  at  (F)  which  is  almost  shut  ofE 
from  the  main  lake,  and  flows  into  Hog  Back  Lake,  an  enlargement 
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of  Pigeon  Creek.  The  shape  of  the  marsh  to  the  north  is  shown  on 
the  map.  There  is  a  tiiiiall  but  high  knoll  in  the  arm  of  the  marsh 
near  (N). 

The  hills  on  the  east  side  of  the  lake,  though  rising  gently,  attain 
11  (considerable  height.  The  marsh  land  is  shut  in  by  rather  steep 
hills.    The  shores  west  of  the  lake  are  not  so  high. 

Makl. — Though  small,  this  lake  contains  one  of  the  best  deposits 
of  marl  in  Steuben  County.  It  takes  its  name  from  the  silvery  re- 
flection from  the  marl  just  below  the  water  surface.  The  water  has 
been   lowered   several   feet,   rendering   the   marl   more   noticeable. 
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In  the  northeast  part  of  the  lake,  there  is  no  marl  near  shore,  but 
by  the  time  two  feet  of  water  is  reached  the  marl  is  four  feet  deep, 
and  over  12  feet  before  four  feet  of  water  is  reached.  There  are  two 
extensive  areas  extending  out  from  (A)  and  (B)  with  ten  feet  of  water 
between  them,  also  underlain  with  marl  to  below  16  feet. 

Around  the  south  side  of  the  lake,  the  shallow  water  belt  is  narrow 
and  the  bottom  of  the  marl  was  reached  at  most  points  at  depths  of 
from  nine  to  11  feet  in  two  feet  of  water.  On  the  west  side  the 
shallow  water  belt  is  broader,  and  except  toward  the  northwest,  has 
much  marl  over  14  feet  deep  in  two  feet  of  water. 

Over  most  of  the  marsh  to  the  north,  as  far  as  tested,  the  muck 
is  too  deep  to  permit  the  working  of  the  marl.  At  (M),  however, 
the  marl  comes  to  the  surface  over  a  small  area  and  is  over  16  feet 
deep.  It  was  formerly  worked  here  for  lime,  being  cut  out  in  blocks 
with  a  spade. 

Just  south  of  the  knoll  at  (N)  the  muck  is  three  feet  or  more 
thick,  with  seven  feet  of  marl  beneath.  From  (M)  to  (N)  the  depth 
of  the  muck  increases  until  at  (N)  it  is  seven  feet  in  thickness.  Near 
the  small  pond  at  (0)  the  muck  is  seven  feet  deep,  with  marl  below 
to  over  16  feet.  In  the  eastern  arm  of  the  marsh  the  least  depth  of 
muck  was  found  just  west  of  Mud  Lake,  where  it  was  three  feet 
with  10  feet  of  marl  below.  East  of  Mud  Lake  the  muck  is  four  feet 
or  more  thick,  with  marl  below  to  over  16  feet. 

An  analysis  of  marl  from  this  lake  made  by  Dr.  C,  R.  Dryer, 
showed  its  constituents  to  be  as  follows:* 

Calcium  carbonate 84.00 

Maf^ncsiiim  carbonate 6.46 

Ferrous  carbonate 1.34 

Silica  and  silicates 4.52 

Orjjanic   matter 3.68 

100.00 

Judging  from  the  analysis,  the  sample  taken  by  Dr.  Dryer  must 
have  been  secured  from  near  the  surface.  From  the  general  appear- 
ance of  the  marl  wc  should  judge  that  an  average  sample,  taken  from 
a  dozen  or  more  loonliticp,  some  distance  below  the  surface,  would 
show  a  higher  percentage'  of  carbonate  of  lime  and  less  magnesia 
and  organic  matter. 

P>om  the  locration  ciled,  we  judge  that  the  sample  of  marl,  whose 
analysis  is  given  in  the  Report  of  the  Indiana  Geological  Survey  for 
1878,  p.  87,  was  taken  from  the  western  side  of  Silver  Lake.    Prof. 

*17th  Ann.  iUp.  Ind.  Q«oi.  Surv.,  1891,  p.  It6. 
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Cole's  statement  regarding  it  is  as  follows:  "The  composition  of  a 
sample  (marl)  taken  from  the  farm  of  G.  W.  Slocnm,  on  section  30, 
T.  37,  R.  13,  in  Steuben  County,  Indiana,  is: 

Moisture  expelled  at  212  degrees 8.00 

Insoluble  silicates ^ 0.30 

Alumina  with  traces  of  iron 1.50 

Lime 45.36 

Magnesia   3.42 

Carbonic  acid  41.50 

Sulphuric  acid 0.10 

Phosphoric  acid 0.38 


100.56 
FISH  LAKE.* 

Not  ▲  Workable  Deposit. 

Fish  Lake  lies  immediately  north  of  the  town  of  Hamilton,  in  sec- 
tions 21,  22,  27,  28  and  33  (36  north,  14  east),  Otsego  Township. 
It  is  but  one-half  mile  north  of  the  Chicago  Division  of  the  Wabash 
Railway.  The  lake  is  nearly  two  miles  long  from  north  to  south  and 
just  one  and  one-half  miles  wide  from  east  to  west.  It  is  very  irregular 
in  shape,  comprising  a  main  body  to  the  north  with  arms  extending 
to  the  east  and  west,  known  as  the  Devil's  Neck  and  Muskrat  Bay, 
and  to  the  south  narrowing  down  to  what  is  known  as  the  Mill- 
pond,  with  a  considerable  body  to  the  southwest  almost  shut  off  by 
South  Island.  The  area,  according  to  Col.  J.  M.  Wilson,  is  740  acres. 
The  lake  was  formerly  in  three  different  bodies  of  water.  In  1837 
the  outlet  was  filled  in  and  the  surface  of  the  lake  was  thus  raised 
nine  feet,  which  united  the  three  lakes  into  one  body  of  water.  The 
water  power  of  this  lake  is  utilized  for  milling  purposes,  and  is  at 
present  controlled  by  the  Fort  Wayne  Water  Power  Company.  It 
has  several  islands,  the  largest.  South  Island,  containing  13  acres, 
the  others  less  than  one  acre  each.  The  large  island  is  covered  with 
a  growth  of  small  oak. 

The  large  basin  forming  the  north  part  of  the  lake  has  a  maximum 
depth  of  68  feet,  and  a  temperature  in  July  of  70  to  75  degrees.  In 
the  narrow  part  of  the  lake  in  its  middle  the  water  is  from  two  to 
62  feet  deep  with  an  average  of  40  feet.  There  is  a  small  island  a 
little  northeast  from  the  mouth  of  Muskrat  Bay  which  is  probably 
the  southern  end  of  a  long  bar.  Northeast  of  this  island,  near  the 
middle  of  the  main  lake,  the  depth  was  only  30  feet  and  the  tem- 

*Thi8  lake  was  yiaited  in  July,  1893,  by  Mr.  Blatohley,  while  warking  for  the  U  S.  Fish 
Commission,  and  again  by  Dr.  Ashlay  in  Novamber,  1899.  The  most  of  the  data  relative  to 
depth  and  temperature,  and  the  list  of  fishes,  were  secured  on  the  first  visit. 

7-Qeol. 


m 


TIErORT  OF  8TATR  (IP.OI.nnlST, 


poralurc  of  the  water  57  degrees.    The  low  temperature  of  the  water 
ill  thi?  point  wrtulil  indienio  the  jiresein'e  of  strong  bottom  springs. 

A  lijiy  (iK'vil's  Nci-k)  cxd-nils  from  Ibo  northeast  sidp  of  the  main 
lukt'  in  11  sontlifast  (.lircrtion.  11  has  a  lenj^h  of  th re !■ -quarters  of 
a  mile,  anil  along  its  middle  line  a  depth  of  10  feet  iind  n  luniperaturo 
of  67  degrees.  Toward  the  shores  the  water  jn-ls  shallower,  with  a 
convsponding  iiierease  in  temperature.  In  IS-foot  water  the  tem- 
jieratnre  was  70  degrees.    The  narrow  (rhaniiel  heading  to  the  Mill- 


pond  is.  in  phii'i's.  ;(i>  feci  deep,  ihoiifjli  unly  seven  IWt  of  water  was 
f(.nnd  well  out  in  tin'  rliaTniel  a  lillle  north  of  tlii;-.  Tests  in  the 
Mill-]>on.l  shuveil  a  de).tli  ,^f  wat.T  fnnn  f-nr  to  nine  feet,  and  the 
temjuTalnre  nf  the  wiil.-r  at  tljis  (le|,th  was  7:1  lo  ',  I  d.;grirrs.  The 
lenipiTatnre  of  the  water  iniinedialfly  h.-low  the  snrfare  in  all  parts 
of  l-'iwii  Lake  was  'S  degrees. 

The  shores  of  the  main  lake  on  its  northwest  and  east  sides  arc 
gravelly,  with  dean  bottom,  and  the  banks  at  either  place  are  rather 
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abrupt,  witli  a  height  of  from  10  to  20  feet,  and  are  covered  with 
woods.  The  remainder  of  the  shores  of  the  lake  are  more  or  less 
swampy,  with  several  large  patches  of  peat  or  muck,  except  along 
the  large  island,  where  the  bottom  is  rather  clean  and  solid.  On  the 
east  side  of  the  main  lake  are  several  strong  springs.  The  water  of 
these  springs  is  charged  with  iron  sulphate,  and  has  a  temperature  of 
49  degrees  F. 

Fish  Lake  receives  its  waters  from  several  ditch-like  tributaries, 
but  chiefly  from  the  springs  along  its  shores  and  bottom.  It  empties 
its  waters  from  the  lower  end  of  the  Mill-})ond  into  Fish  Creek,  of 
which  it  is  the  source,  the  latter  stream  flowing  into  the  St.  Joseph 
of  the  Maumee.  l^he  land  around  the  lake  is  very  uneven,  being 
full  of  kettle  holes  and  other  depressions  between  conical  and  dome- 
shaped  drift  hills. 

The  water  in  Fish  Lake  is  clear  and  well  stocked  with  native  game 
and  food  fish.  The  ringed  perch  {Perca  flavescens),  the  blue  gill 
(Lepomis  pallidus),  the  common  sunfish  {Lepomis  gihhosns),  and  the 
large-mouthed  black  bass  {Micropterus  salmoides)  are  among  the  most 
common  food  fishes.  The  following  is  a  complete  list  of  the  fishes 
taken  in  the  lake  on  July  19  and  20,  1893,  by  the  party  connected 
with  the  U.  S.  Fish  Commission: 

List  of  Fishes  in  Fish  Lake. 

1.  Lepisastem  ossem  (L.).     Long  nosed  Gar- pike. 

2.  Ameiurus  nebvhms  (Le  S.).     Bullhead. 

3.  Catostomus  nigricans  Le  S.     Hog  Sucker. 

4.  Moxostoma  macrolepidotum  dugnesnei  (Le  8.).     Common  Redhorse. 

5.  Fimephalea  Tiotatm  (Raf,).     Blunt  nosed  Mionow. 

6.  Notropis  heterodon  (Cope).     Northern  No  tropin. 

7.  Notropis  whipplei  (Girard).     Silver -fin. 

8.  SemotUus  atromaciUatus  (Mitchill).     Creek  Chub. 
9  Zygonedes  notatus  (Raf.).     Top  Minnow. 

10.  Lucius  vermicidatus  (Le  S.).     Grass  Pike. 

11.  Labidesthes  sicculus  Cope.     Skipjack. 

12.  Pomoxis  sparoides  (Lac^p^e).     Calico  Bass. 

13.  Chcetiobryttus  gdosus  (Cuv.  and  Val.).     Warmouth. 

14.  Lepomis  pallidus  (Mitchill).     Bluegill. 

15.  Lepomis  gibhosus  (L.).     Common  Sunfish. 

16.  Micropterus  salmoides  (Lac^p^de).     Large-mouthed  Black  Bass. 

17.  Etheostoma  nigrum  Raf.     Johnny  Darter. 

18.  Etheostoma  eos  (Jor.  and  Cope.).     Sunrise  Darter. 

19.  Etheostoma  microperca  Jor.  and  Gil.     Least  Darter. 

20.  Perca  flavescens  (Mitchill).     Yellow  Perch. 
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The  Mill-pond  and  western  side  of  Fish  Lake  are  in  places  largely 
Wled  up  with  vegetable  growth,  the  pond  being  covered  with  the 
white  water  lily  Casialia  odoraia  (Dryand).  Dr.  Dryer,  who  made 
careful  observations  in  the  summer  season,  reports  that  in  the  bays 
of  the  west  shore  the  outer  zone  of  vegetation  begins  at  a  depth  of 
10  feet  with  a  band  of  Chara,  Potamogeton  and  eel  grass,  VaUi^neria 
spiralis;  the  latter  peculiar  to  this  lake.  At  a  depth  of  five  feet 
the  white  pond  lilies,  Nymphaa,  flourish,  the  spatterdock  or  yellow 
lily,  Nuphar,  being  scarce.  At  a  depth  of  throe  feet  rushes,  smart- 
weed  and  cat-tails  fonn  a  floating  margin  too  thick  to  push  a  boat 
through.  Above  water  level,  on  the  solid  mass  of  peat,  a  great 
variety  of  plants  flourish,  among  which,  besides  grasses,  small  sedges 
and  ferns,  are  the  water  hoarhound,  Lycopiis  europcBus,  the  clear- 
weed,  Pilea  pumilOy  the  shrubby  cinquefoil,  Potentilla  fruticosa,  the 
willow  herbs,  Epilohium  coJoratum  and  pahistre,  the  arrow-leaf, 
Sagittaria  variabilis,  the  meadow  cone-flower,  B-adbeckia  hirta,  and 
the  jewel-weed,  Impatiens  fiilva,  the  latter  covered  with  tangled 
orange  skeins  of  the  dodder,  Cuscaia  gronovii.  Besides  these  are 
also  found  the  bedstraw,  Galium  asprellum,  the  marsh  bellflower. 
Campanula  aparinaides,  the  blazing  star,  Liatris  spicata,  the  cardinal 
flower.  Lobelia  cardinalis,  the  swamp  milkweed,  Asclepias  incamata 
and  the  skull  cap,  Scutellaria  galerindala,  all  conspicuous  in  August. 
In  many  places  the  strictly  aquatic  plants  are  absent,  and  the  peat 
bed  rises  with  a  clean  cut  edge  two  feet  above  the  water. 

"The  large  area  of  Fish  Lake,  furnishing  a  broad  expanse  of  water 
visible  at  one  sweep  of  the  eye,  its  irregular  outline  and  prominent 
islands,  its  bold  shores  and  encircling  hills,  and  the  beauty  and  pro- 
fusion of  its  aquatic  vegetation,  form  a  combination  of  characters 
which  render  this  lake  one  of  the  most  interesting  and  attractive  in 
the  State.  The  village  of  Hamilton,  at  its  south  end,  is  clean  and 
quiet,  and  furnishes  such  accommodations  to  the  summer  visitor  as 
can  not  fail  to  make  his  stay  enjoyable.''* 

Marl. — On  account  of  the  recent  elevation  of  (he  water  surface 
of  this  lake  no  marl  need  be  looked  for  in  less  than  seven  or  eight 
feet  of  water.  Most  of  the  drilliii^rs  made  in  seven  feet  or  less  of 
water  showed  muck  to  below  1G  feet.  A  little  marl  was  found  beneath 
six  to  eight  feet  of  muck  at  the  following  localities:  Xear  the 
south  end  (►f  South  Island;  cast  of  Sr>uth  Island;  on  the  north  side 
of  the  entrance  to  Muskrat  Bay;  just  off  from  Cold  S])rings,  and  on 
the  east  shore  opposite  the  mouth  of  Muskrat  Bay.  Marl  without 
overlying  nmck  was  found  around  the  point  south  of  the  mouth  of 

*17th  Ann.  Rep.  Ind.  Geol.  Svltv.,  1891,  p.  129. 
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Devil^s  Neck.  The  marl  does  not  set  in  until  seven  feet  of  water 
is  reached  and  then  quickly  deepens  to  heyond  16  feet.  It  was  of  a 
dark  gray  color.  In  the  center  of  the  channel  east  of  South  Island 
at  least  six  feet  of  light  brown  marl  was  passed  through  beneath 
three  feet  of  muck.  On  account  of  the  conditions  found  to  exist, 
no  attempt  was  made  to  make  a  thorough  test  for  the  marl  in  the 
lake,  as  it  is  practically  all  beneath  water  too  deep  to  allow  the  de- 
posit to  be  worked. 

LAGRANGE  COUNTY. 
Refebences. — 

1859. — Richard  Owen,  Rep.  of  a  Geol.  Reconn.  of  Indiana,  p.  198. 

1873. — G.  M.  Levette,  Fifth  Ann.  Rep.  Geol.  Surv.  of  Indiana,  p. 
444. 

1893.— Dr.  C.  R.  Dryer,  Eighteenth  Ann.  Rep.  Dept.  Geol.  &  Nat. 
Resources  of  Indiana,  p.  72. 

1899. — Frank  Leverett,  Water  Supply  and  Irrig.  Papers,  of  the  U. 
S.  Geol.  Survey,  No.  21,  p.  25.* 

On  the  northern  border  of  the  State  and  in  the  second  tier  of 
counties  from  its  eastern  boundary  is  Lagrange,  which  contains  one 
of  the  most  fertile  sections  of  northern  Indiana.  It  has  an  area  of 
393  square  miles  and  lies  between  Elkhart  and  Steuben  counties 
and  north  of  Noble  County. 

The  county  is  well  supplied  with  railways.  The  Grand  Rapids  & 
Indiana  crosses  it  from  north  to  south  near  the  center,  passing 
through  Lima,  Lagrange  and  Wolcottville.  The  Chicago  Division  of 
the  Wabash  runs  along  its  southern  border,  crossing  the  G.  R.  &  I. 
at  Wolcottville.  The  Goshen  Branch  of  the  Lake  Shore  &  Michigan 
Southern  crosses  the  northwestern  corner,  passing  through  Shipshe- 
wana  and  meeting  the  G.  R.  &  I.  at  Sturgis,  Michigan,  six  miles  north 
of  Lima.  The  elevation  in  feet  above  tide  of  the  stations  on  the  G. 
R.  &  I.  Railway  is  as  follows:  Lagrange,  925;  Lima,  886;  Valentine, 
967;  Wolcottville,  949. 

The  elevation  of  the  county  is  between  897  and  1,027  feet  above 
tide,  and  the  whole  area  is  covered  with  drift  from  100  to  200  feet 
or  more  in  thickness,  the  bottom  of  which  has  rarely  if  ever  been 
reached.  "The  general  surface  slopes  gently  to  the  north,  except  the 
lake  region  of  Johnson  Township,  which  is  drained  southward  into 
the  Elkhart  River,  ihe  crest  of  the  divide  being  near  Valentine.  It 
lies  entirely  upon  the  Saginaw  side  of  the  Saginaw-Erie  interlobate 
moraine  of  Chamberlain,  and  contains  no  Erie  drift,  except,  possibly, 
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at  the  southeast  comer.  It  is  crossed  by  two  terminal  moraines  of 
the  Saginaw  glacier,  so  that  about  one-half  of  the  county  presents 
a  topography  of  a  distinctly  morainic  character,  but  its  outlines  and 
distribution  are  so  irregular  as  almost  to  defy  description  in  words.'** 
The  lakes  of  Lagrange  County  are  not  so  numerous  as  those  in 
Steuben  County  on  the  east  or  Noble  on  the  south.  About 
40  occur  which  have  ])een  deemed  worthy  of  name  on  the  maps  of 
the  county  heretofore  issued.  The  total  area  of  water  in  the  county 
is  about  4,000  acres,  1,500  of  which  are  in  Johnson  Township. 
Twenty-two  of  the  lakes  were  visited  during  the  progress  of  the 
present  survey  and  are  briefly  described  on  the  pages  which  follow. 
Nine  deposits  of  marl  of  workable  size,  i.  e.,  containing  an  area  of 
160  or  more  acres  and  averaging  10  feet  or  more  in  thickness,  were 
found  in  the  county.  These  are  either  in  single  lakes  or  in  groups 
of  lakes  the  members  of  which  are  in  adjoining  sections.  Of  the 
nine,  four  are  easily  available  for  cement  making  under  present  con- 
ditions. The  other  five  are.  for  the  most  part,  found  beneath  water 
10  feet  or  more  in  depth,  and  are  therefore  not  available  until  appli- 
ances are  invented  for  readily  securing  the  marl  from  beneath  such 
depth  of  water. 

SHIPSHBWANA  LAKE. 
Workable  Deposit;  Second  Class. 

The  eastern  edge  of  this  lake  is  about  three-quarters  of  a  mile 
west  of  the  town  of  the  same  name.  The  lake  lies  in  sections  4  and 
9  (37  north,  8  east),  Newbury  Township.  The  Ooshen  and  Michigan 
Branch  of  the  Lake  Shore  &  Michigan  Southern  Railway  passes 
within  one-quarter  of  a  mile  of  its  southeastern  corner.  The  lake  is 
about  three-quarters  of  a  mile  in  len^^^th  from  southeast  to  north- 
west by  one-half  mile  in  greatest  width,  and  has  a  water  area  of  200 
or  more  acres.  The  western  half  of  the  north  shore  and  the  west 
shore  are  bordered  by  extensive  muck  meadows.  The  east  half  of 
the  north  shorn  and  the  east  side  have  wooded  bills  sloping  gently 
back  to  a  height  of  30  to  50  feet.  On  the  east  these  extend  to  the 
water^s  edge  and  furnish  fine  sites,  as  yet  unutilized,  for  cottages.  On 
the  northeast  the  hills  are  separated  from  the  lake  by  a  strip  of  muck 
covered  marsh  five  to  20  rods  in  width.  On  the  south  shore  a  marsh 
'^0  rods  in  width  and  covered  with  wire-grass  and  other  vegetation 
lies  between  the  water's  edge  and  the  higher  wooded  slopes  to  the 
southward. 


Dryer,  loo.  cit.»  p.  73. 
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The  lake  is  everywhere  shallow,  the  greatest  depth  found  being  14 
feet,  and  the  average  depth  not  over  eight  feet,  with  probably  half 
of  its  area  less  than  six  feet.  Its  waters  contain  much  vegetation. 
On  the  east  and  north  sides  the  principal  growth  is  the  giant  rush, 
Scirpus  lacustris  L.,  which  forms  large  beds,  extending  out  into  five 
and  seven-foot  water.  On  the  west  side  the  stems  and  leaves  of 
spatterdock,  Nymphcea  advena  Sol.,  and  of  the  white  water  lily, 
Casialia  odorata  (Dryand),  cover  large  areas  of  the  water  surface  and 
by  their  decay  are  gradually  replacing  the  water  with  muck.  Several 
species  of  pondweed  {Potamogeton)  grow  in  all  parts  of  the  lake, 
their  flowering  parts  reaching  above  the  surface  of  eight  to  10  feet 
of  water,  while  their  roots  are  buried  in  the  muck  and  marl  at  the 
bottom.  The  water-shield,  Brasenia  purpurea  (Michx.),  with  its  curi- 
ous flowers  and  floating  peltate  leaf  is  also  a  very  common  plant  in 
most  parts  of  the  lake,  while  the  ditch  moss,  Philotria  canadensis 
(Michx.),  covers  a  large  portion  of  the  lake's  bottom.  So  much  aquatic 
vegetation  doubtless  aids  much  in  separating  the  marl-forming  mate- 
rial from  the  water,  but  at  the  same  time,  the  decay  of  the  plants 
adds  an  undue  percentage  of  organic  matter  to  the  slowly  depositing 
marl  and  renders  it  dark  in  color. 

Marl. — All  along  the  east  side  the  marl  sets  in  about  50  feet  from 
shore,  the  intervening  strip  of  bottom  being  sand.  In  four  foot 
water  the  marl  was  10  feet  thick,  underlain  with  gravel.  In  all 
water  over  four  feet,  bottom  of  marl  could  not  be  reached  with  an 
18-foot  auger.  Along  the  north  side  the  marl  was  found  closer  to 
shore  but  was  usually  covered  with  a  foot  or  less  of  muck  out  to  75 
or  100  feet,  where  the  muck  disappeared.  The  tests  nowhere  found 
bottom  of  marl,  except  at  a  point  20  rods  southwest  of  the  northeast 
comer  of  the  lake  where,  in  three  feet  of  water,  the  marl  was  nine 
feet  thick,  with  gravel  beneath.  Twenty  rods  south  of  this  point 
and  the  same  distance  from  the  east  shore  it  was  15+  feet  in 
three  feet  of  water.  A  number  of  bores  diagonally  across  the  lake 
to  the  southwest  corner  gave  14+  feet  of  marl  in  four  feet  of  water 
to  within  10  rods  of  shore.  Here,  one-third  the  distance  east  from 
the  west  end  of  the  lake,  the  drill  touched  gravel  in  four  feet  of 
water,  showing  the  marl  to  be  just  14  feet  thick,  the  upper  third 
dark,  the  lower  portion  of  good  quality.  On  the  west  side  a  bed  of 
thick  muck  extends  out  50  yards  from  shore,  w^here  it  is  gradually 
replaced  by  marl  14+  feet  in  five  feet  of  water. 

The  marsh  on  the  south  shore  showed  muck  four  to  six  feet  with 
gravel  beneath.  In  the  meadow  on  the  north  and  west  shores  the 
muck  was  18+  feet  deep,  with  no  indications  of  marl.     Along  the 
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Bouth  ghore  to  the  eastward  the  marl  was  everywhere  bue  to  10  feet 

thick  in  three  feet  of  water,  10  rods  from  shore.  In  greater  depth 
of  water  and  farHicr  from  shore,  bottom  of  marl  was  uowherc  found. 
From  the  tests  mudc  it  is  safe  to  say  that  ICO  acres  of  the  lake  are 
underlain  with  marl  which  will  average  10  feet  or  more  in  thicknees. 
The  upper  third  of  the  marl  is  in  many  places  darker  in  color  than 
the  remainder.  This  is  doubtless  due  to  the  larger  percentage  of 
organic  matter  derived  from  the  decay  of  recent  aquatic  vegetation. 


TWIN  LAKES. 
Laboe  Deposit,  Mosti-y  Under  Deep  Watek. 

Twin  Lakes  are  located  two  miles  west  of  Lima,  in  sections  23,  36 
and  27  (38  north,  9  east),  Lima  Township.  They  are  about  one-third 
of  a  mile  east  of  Twin  Lake  Station  on  the  Goshen  &  Michigan 
Branch  of  the  Michigan  Southern  Railway,  and  two  miles  west  of  the 
Grand  Rapids  &  Indiana  Railway. 
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Fi«t.  13.    Mip  of  Twin  l.iltsi,  l.iitr]iafo  Cduntr.  In<U 

The  upper  lake  is  shaped  somewhat  like  the  bottom  of  a  shoe  and 
is  about  three-quarters  of  a  mile  long  by  one-foiirlh  of  a  mile  wide, 
with  an  area  of  nearly  160  acres.  The  lower  lake  is  somewhat  smaller 
and  is  roughly  pear-shaped,  with  the  narrow  end  to  the  west 
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North  Twin  Lake  has  a  depth  of  from  30  to  43  feet,  with  rather 
hroad  areas  of  shallow  water  in  the  east  end  and  northwest  comer, 
and  much  vegetation  in  the  southwest  comer.  This,  by  its  decay, 
is  forming  muck,  thus  gradually  decreasing  the  water  area  of  the  lake 
from  that  direction.  The  banks  of  gravel  and  clay  rise  rather  ab- 
ruptly from  10  to  25  feet.  The  two  lakes  are  not  over  20  rods  apart, 
with  a  wagon  road  running  between  them.  The  presence  of  marl 
and  fragments  of  shells  beneath  the  sand  in  the  lowest  part  of  the 
dividing  ridge  indicate  that  in  a  time  not  very  remote  the  two  lakes 
were  one  continuous  sheet  of  water. 

The  bottom  of  South  Twin  Lake  shelves  off  very  abruptly  along 
most  of  the  north  and  west  shores,  15  to  20  foot  water  being  found 
in  most  places  75  feet  from  shore.  Hills  of  drift  rise  abruptly  30  to 
50  feet  from  the  watei^s  edge  on  the  east  and  north  shores,  while  at 
the  west  end  is  a  muck  meadow.  Oif  the  south  shore  a  strip  of  marsh 
separates  the  hills  and  water.  The  shallow  area  of  the  latter  extends 
out  50  to  250  feet  on  the  east  and  south,  many  rushes  growing 
therein. 

A  row  of  soundings,  taken  20  oar-strokes  apart,  from  north  to 
south  along  the  eastern  edge  of  the  western  third,  showed  the  depth 
to  be  respectively  22,  32,  34,  36,  48,  40,  32  and  20  feet.  A  little  east 
of  the  center,  soundings  from  south  to  north  gave  24,  36,  42,  48,  64, 
46,  40  and  32  feet,  54  feet  being  the  maximum  depth  found.  The 
water  of  this  lake  is  in  hue  a  clear  greenish  blue  and  wholly  free 
from  visible  vegetable  organisms.  In  this  respect  it  differs  much 
from  that  of  Shipshewana  and  other  lakes  in  the  region  hereabouts. 
But  little  muck  is  found  in  the  lake  and  that  only  along  the  shore 
of  the  meadow  at  the  west  end. 

Marl. — The  north  lake  has  a  large  body  of  marl  at  the  east  end. 
The  water  here  is  very  shallow  and  the  marl  everywhere  tested  ex- 
tended to  below  16  feet.  There  are  also  several  acres  of  marsh  at 
this  end  of  the  lakjs.  Along  the  south  side  of  the  lake  from  (B) 
to  (C)  the  shallow  water  belt  is  narrow,  probably  not  averaging 
over  50  feet,  though  the  marl  shows  a  good  depth  except  close  to 
shore.  Around  the  west  end  there  is  also  considerable  shallow  water 
with  deep  marl.  Along  the  north  side  it  was  estimated  that  the 
shallow  water  had  an  average  width  of  150  feet,  with  deep  marl 
except  close  to  shore.  It  was  estimated  that  there  are  nearly  50 
acres  of  shallow  water  in  this  lake,  most  of  which  was  underlain  by 
marl  to  below  16  feet.  In  appearance  the  marl  seemed  to  be  of  very 
fine  quality,  being  soft  and  smooth,  and  of  a  dove  color. 
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In  the  south  lake  on  the  north  side,  marl  of  good  quality  was  found 
all  along  the  outer  edge  of  the  narrow  shallow  water  area.  In  thick- 
ness it  runs  from  eight  to  14+  feet  in  four  feet  of  water,  thinning  out 
to  one  foot  at  edge  of  shore.  Numerous  tests  showed  that  the  wider 
shallow  water  areas  on  the  east  and  south  sides  are  likewise 
underlain  with  a  deposit  12+  feet  in  thickness  in  three  to  six  feet  of 
water.  There  is  no  doubt  but  that  the  marl  exists  beneath  the  en- 
tire deep  water  area  of  the  lake.  The  quality  is  of  the  best,  being, 
if  anything,  superior  to  that  in  the  north  lake.  Altogether,  the  marl 
deposits  of  the  two  lakes  are  sufficient  io  furnish  material  for  an 
unlimited  number  of  years  to  any  cement  factory  which  might  be 
enjcted,  ])rovided  some  means  were  devised  for  securing  that  beneath 
the  deep  water  after  the  75  or  more  acres  in  shallow  water  had 
become  exhausted. 

CEDAR.  GRASS  AND  LIBEY  LAKES,  AND  ADJOINING  MARSHES. 

WoBKABLE  Deposit. 

CEDAR   LAKE. 

Cedar  Lake  lies  about  three  miles  northeast  of  Lima  in  sections  21 
and  22  (38  north,  10  east).  It  is  two  and  a  half  miles  east  of  the 
Grand  Eapids  &  Indiana  Railway. 

This  lake  is  nearly  a  mile  long  by  one-half  a  mile  or  more  broad. 
There  is  a  small,  nearlv  land-locked  bav  at  the  south  end.  The  area 
is  about  175  acres. 

The  lake  is  shallow,  having  a  maximum  depth  of  24  feet  with  an 
average  of  not  ov(T  18  feet.  On  the  south  and  east  sides  the  banks 
rise  abruptly  15  to  20  feet.  A  high  point  with  a  narrow  neck  pro- 
jects ont  from  the  southeast  corner.  In  1832  this  was  fortified  and 
called  "Fort  Donaldson."  There  is  a  small  island  a  little  north  of 
the  old  fort. 

Marl. — On  the  east  side  of  the  lake  the  marl  is  quite  limited  in 
amount,  usually  not  setting  in  until  some  distance  from  shore  and 
on  the  six  foot  water  line  running  from  10  feet  or  over  near  (A) 
do^v^l  to  a  few  inches  by  the  time  the  island  is  reached,  with  no  marl 
just  north  of  the  island.  South  of  the  island  the  marl  is  shallow. 
In  the  embayment  at  the  south  end  the  marl  runs  from  10  feet  to 
over  16  feet  in  depth,  but  is  very  mucky.  All  along  the  west  shore 
there  is  a  narrow  belt  where,  in  from  four  to  six  feet  of  water,  the 
bottom  of  the  marl  was  not  reached  at  16  feet.  There  is  little  doubt 
but  that  the  deposit  underlies  the  greater  part  of  the  water  area, 
thinning  out  towards  the  east  shore. 
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QBAFS  lAKS  AND   MABBH. 

This  lake  and  adjacent  marsli  lie  just  south  of  Cedar  Lake,  being 
fiiirUy  in  the  same  sectioii,  but  mainly  in  section  S7. 


Fif.  U.   Ifap  of  0*<lu>  QrMi  knd  Llbcy  Lkkai,  LiccMm  CaoDtri  lod. 


108  BEPOBT  OF  8TATB  GEOLOGIST. 

The  lake^  as  far  as  could  be  examined,  seemed  to  be  veiy  shallow^ 
appearing  as  though  nearly  filled  up  with  marl.  The  marsh  on  the 
east  side  is  rather  extensive,  running  eastward  from  each  end  of 
the  lake.    On  the  west  of  the  lake  the  bank  is  more  abrupt. 

Marl. — The  deposit  here  covers  probably  65  acres  or  more  of 
exposed  marl,  15  acres  of  which  are  in  section  22.  The  lake  occu- 
pies but  a  part  of  this  area.  The  marl  at  all  points  tested  was  over 
16  feet  deep.  On  the  north  marsh  back  from  the  water  it  passes 
under  the  muck  which  in  a  short  distance  becomes  over  seven  feet 
deep,  or  too  deep  to  work.  , 

Tests  in  the  south  prong  of  the  marshes  to  the  eastward  showed 
that  toward  the  head  of  that  prong  the  muck  thinned  down  to  two 
or  three  feet,  with  the  bottom  of  the  marl  not  reached  at  16  feet. 
Over  how  large  an  area  of  the  marsh  such  conditions  occurred  could 
not  be  accurately  determined. 

T.IBEY    LAKE  AND  MABSH. 

This  deposit  lies  southeast  of  Grass  Lake,  in  sections  27  and  33, 
where  it  occupies  part  of  a  considerable  marsh.  It  is  estimated  that 
there  are  about  60  acres  of  this  in  section  33,  where  the  marl  is 
bare  or  covered  by  less  than  one  foot  of  muck  with  marl  over  16  feet 
deep. 

The  deposit  at  (N),  in  the  northwest  quarter  of  the  southeast 
quarter  of  section  27,  was  estimated  to  contain  15  acres  of  deep  marl. 
The  thickness  of  the  muck  seemed  to  be  irregular  outside  of  the 
areas  mentioned,  occasionally,  as  at  (0),  being  two  feet  or  less  thick 
with  over  14  feet  of  marl  underneath,  and  the  next  drilling,  but  a 
short  distance  away,  perhaps  showing  six  or  seven  feet  of  muck, 
so  that  it  is  difficult  to  say  how  much  of  that  portion  of  the  marsh 
overlain  with  muck  contains  workable  marl.  Libey  Lake,  which  for- 
merly covered  the  entire  marsh,  has  now  an  area  of  only  about  an 
acre,  having  been  reduced  by  artificial  drainage. 

Taking  in  connection  with  the  140  acres  of  marsh  and  shallow 
water  marl  in  Grass  and  Libey  lakes  the  deposit  in  Cedar  Lake,  the 
approximate  area  of  which  is  unknown,  it  will  be  seen  that  we  have 
here  a  good  workable  deposit  for  a  cement  factory  of  large  capacity. 
From  the  extreme  north  end  of  Cedar  Lake  to  the  soutliorn  extremity 
of  Libey  Lake,  the  distance  in  a  straight  line  is  but  little  more  than 
two  and  a  half  miles,  so  that  with  an  electric  tramway  tlie  three  de- 
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poaits  could  be  easily  worked  from  one  plant,  especially  if  the  latter 
were  situated  near  the  center  of  the  territory — say  on  the  margin 
of  Grass  Lake. 


QBASS  AND  FISH  LAKES. 

W0RKABI.B  Deposit. 

niusa  LAKE. 

This  lake  is  now  a  dry  or  semi-dry,  level  marsh  or  marl  plain.  It 
lies  in  section  31  (37  north,  11  east),  Springfield  Township,  about 
eight  miles  south  of  east  of  Lagrange.  The  lake,  recently  drained, 
had  an  area  of  about  100  acres.  Over  this  the  marl  presents  a  bare 
surface,  resembling  in  places  the  alkali  plains  of  the  west,  more  or 
less  overgrown  with  bulrushes.  At  no  point  in  this  deposit  was 
bottom  reached  with  our  16-foot  drill,  and  it  is  claimed  that  tests 
with  long  poles  show  it  to  have  a  depth  of  30  feet  or  more  over  most 
of  the  area. 


This  lake  area  is  surrounded  by  a  considerable  original  marsh  area 
and  it  is  reported  that  there  is  fnlly  100  acres  of  this  that  is 
underlain  with  deep  marl  with  but  little  cover,  making  in  all  200 
acrt'S,  with  a  thickness  of  16  feet  or  more.  The  marsh  area  was  not 
examined  or  mapped.  The  area  shown  on  the  map  is  therefore  only 
suggestive  of  the  general  position  and  shape  of  the  ninrsh.  It  prob- 
ably extends  much  farther  west  than  shown. 

This  deposit  is  easily  workable  and  is  one  of  the  largest  in  the 
county,  lacking  only  railway  facilities  to  make  it  a  very  valuable 
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properly.  It  ie  now  owned  by  Chicago  parties  who  secured  it  for 
a  noiniral  sum,  and  who  are  expecting  to  develop  it  in  the  near 
future. 


This  lake  lies  a  mile  anil  a  half  west  of  Urass  Jjake  which,  before 
draiuing,  emptied  into  it.  It  has  an  area  of  about  140  acres,  a  maxi- 
mum length  of  nearly  three-quarters  of  a  mile  and  a  width  of  nearly 
one-third  of  a  mile.  At  iiiont  ]iointp  around  the  lake  the  marl  ex- 
tondr!  bai'k  iH'neiith  the  tihore  from  a 
few  yards  to  several  rods,  so  that  the 
depth  at  the  water's  edge  is  often 
from  fix  to  IT)  feet  or  over.  At-  most 
places  it  is  not  over  50  feet  from  the 
shore  to  the  edge  of  deeji  water.  Wher- 
ever the  wafer  is  two  feet  or  more 
deep  the  marl  below  reaches  a  depth 
of  over  ]C  feet.  At  (l'")  the  marl  is 
(shallower  and  at  (C)  the  bottom  is 
Biitidy  for  a  short  distance  out.  At 
(B)  there  is  a  broad  bench  of  marl, 
amounting  to  jseveral  acres,  which  is 
l*i+  feet  in  deplh. 

Tt  is  possible  lliat  l-'ish  Idike  in  it- 
self contains  enoufrli  marl  to  furnish 
material  for  a  cement  faetoi-j-,  but  at 
present  the  greater  part  is  beneath  deep  water  and  therefore  not 
available.  That  portion  along  shore  and  beneath  .shallow  wal<T  could 
be  readily  utilized  in  connection  with  the  dry  depusit  at  <!niss  l^ake, 
jirovided  there  i^hnnlil  he  need  for  additiniial  uiiit.Tial. 


MapofiiahUhg, 


TURKEY  AND  I-ITTLE  TURKEY  LAKES. 

WORKABI.K    DeIHWIT,    OWNEll   AMI   L'tII.I/ED   HV   TUB    W*11ASH    P.  HTLAND 
('KMEtrr  COMI'ANY. 

These  hikes  will  be  considered  (o<rether,  as  Ihey  are  iid  only  close 
tojrether  but  are  ai  prenent  owned  by  llie  same  ei)m|iariy  and  so  may 
cnmniereially  he  considered  as  one  ile|'n-il.     They  lie  in  seclious  I. 

2.   II  and  Vi  (:iil  north.  U  easi).  Lafiranjre  Cmmly.  I  sections  7 

and  18  {:!i;  nortli.  U>  east).  Steuben  County.  Thev  were  in  1K1I!I  ron- 
Tiected  by  a  switch,  live  miles  in  Icngih.  with  the  ("hi.'u-.i  llivisinn  of 
the  Wabash  Railway  at  llelmer.     The  two  new  towns  of  Strob  and 
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Elmira,  about  one-half  a  mile  apart,  have  sprung  up  near  tbc  cement 
works  since  their  establishment.  In  October,  1900,  they  contained 
probably  50  houses. 

The  lakes  have  rewntly  beon  lowered  by  the  digging  of  a  long 
ditch.  materinlly  reducing  tho  size  of  their  water  areas,  especially 
that  of  Little  Turkey.  TIic  depth  of  water  in  Big  Turkey  Ijake  is  re- 
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Pi|.  17.    Map  uf  TuTk*T  Lakea,  Lktranie  iDd  Steuben  Coan 


ported  to  be  45  to  50  fei-t  in  the  northern  lobe  and  35  to  75  feet  in 
the  southern  lobe.  The  btrnks  are  low  on  the  west  side  of  the  lake 
but  on  the  east  side  slope  back  irregularly  to  a  height  of  40  or  50 
feet. 

As  ahown  on  the  map,  the  white  space  indicates  the  present  water 
area.  The  black  area  outaide  shows  the  marsh  and  former  lake  area 
acquired  by  the  company.    The  outside  line  of  the  black  ie  said  to 
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have  followed  tlie  lino  of  10  foot  marl.  This  is  copied  from  the  com- 
pany's survey  sheet  and  shows  a  water  area  in  Little  Turkey  Lake 
of  about  75  acres,  and  land  area  outside,  of  125  acres,  or  a  total  of 
200  acres.  Big  Turkey  I^ake  has  a  water  area  of  about  250  acres 
and  an  equal  amount  of  marl  land  around,  or  a  total  of  500  acres, 
making  700  acres  for  the  deposits  around  and  beneath  the  two  lakes. 
Big  Turkey  Lake  is  over  a  mile  and  a  half  long  by  one-eighth  to 
three-eighths  of  a  mile  wide  and  is  divided  nearly  in  two  near  the 
north  end. 

Marl. — It  is  el  aimed  that  the  marl  runs  from  a  thickness  of  10 
feet  on  the  edge  of  the  area  shaded  black,  to  a  maximum  depth  of 
45  feet.  It  was  not  learned  how  nmch  of  the  area  was  under 
water  shallow  enough  to  allow  the  marl  beneath  to  be  worked.  In 
October,  1900,  the  marl  was  being  secured  from  the  border  of  the 
marsh,  just  north  of  the  cement  factory.  The  pit  as  exposed,  showed 
muck  one  foot,  marl  nine  feet. 

The  average  of  six  analyses  of  marl  from  Big  Turkey  Lake,  as 
furnished  by  Prof.  W.  E.  Oglesbey,  the  chief  chemist  of  the  Wabash 
Portland  Cement  Co.,  was  as  follows: 

Carbonate  of  lime  (CaCo,) 91.14 

Magnesium  oxide  (MgO) 1.31 

Alumina  (Al.O,)  and  Ferric  oxide  (PesO,) 8G 

Silica    (SiO,) 85 

The  clay  used  in  the  making  of  the  cement  is  hauled  from  a  point 
about  two  miles  northwest  of  the  factorv.  It  comes  from  a  bed  of 
drift  clay,  a  section  of  w^hich  is  as  foUow^s: 

1.  Sand 15  inches. 

2.  Clay  6  feet. 

3.  Clay  mixed  with  pebbles 3+  feet. 

The  surface  sand  is  stripped  and  the  first  six  feet  of  clay  is  used, 
the  remainder  containing  too  many  pebbles  of  lime  and  other  min- 
erals of  drift  origin  to  be  available  for  cement  making.  The  clay 
used  is  light  brown,  fine-grained  and  free  from  grit.  It  may  be 
classed  as  exceedingly  pure  for  a  clay  of  glacial  origin.  An  average 
of  eight  analyses  of  this  clay  kindly  furnished  by  Prof.  Oglesbey, 
was  as  follows: 

SiUca  (SiO,) 56.74 

Alumina  (ALO,) 19.43 

Ferric  oxide  (Fe,0,) 4.83 

Lime  (CaO) 7.27 

Magnesia   (MgO) 3.05 

Loss  on  ignition 10.39 

Total 10L71 
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LONG  AND  PRETTY  LAKES. 
Larue  Marl  Deposit,  Mostly  Under  Deep  Water. 

long  lake. 

Long  Lake  lies  in  a  northwest  and  southeast  direction  in  sections 
22,  26  and  27  (36  north,  11  east),  Milford  Township.    It  is  about  one 


Fig.  18.    Map  of  Pretty  and  Long  Lakes,  Lagrange  County*  Ind. 

mile  from  the  Chicago  Division  of  the  Wabash  Railway.  The  lake 
is  nearly  two  miles  long  by  from  one-quarter  to  one-half  mile  wide. 
A  long  point  from  the  west  side  nearly  divides  it  into  two  parts, 

8— 0«oL 


114  REPORT  OF  STATE  GEOLOGIST. 

giving  it  a  striking  resemblance  to  Big  Turkey  Ijakc,  I^grange 
County.  The  head  and  foot  of  the  lake  have  been  somewhat  reduced 
by  the  encroachment  of  the  marsh. 

In  the  southern  part  of  the  lake  the  belt  of  shallow  water  is  usually 
narrow  with  one  unusually  long  point  near  the  south  end.  In  the 
north  part  of  tlir  lake  the  shallow  water  will  average  somewhat 
wider,  due  io  the  existence  of  several  points  extending  out  into  the 
lake.  The  deep  water  runs  from  ir>  to  (>0  feet,  the  deepest  being  78 
feet  near  the  soutluTn  end.  Tlic  banks  around  the  lake  are  un- 
usually steep  and  lii^li. 

Maim.. — Judging  from  stnni]»s  and  logs  in  the  water  around  tho 
margins  of  the  lake  it  would  appear  to  have  been  raised  a  little. 
Partly  as  a  result  the  bottom  is  hard  close  to  shore  and  in  wat^r 
under  two  feet  dec]).  Generally,  where  the  water  has  reached  a 
depth  of  three  feet  tlic  marl  is  found  to  be  over  ten  feet  deep  and  at 
most  points  over  IG  feet  deep.  From  (A)  to  (D)  none  of  the  drillings 
in  two  feet  or  over  of  water  reached  the  bottom  of  the  marl  at  16 
feet.  At  (D)  the  marl  is  shallower,  being  only  nine  feet  deep  in  four 
feet  of  water,  and  is  overlain  by  sand.  At  (E)  it  is  deep  and  at  (F) 
begins  to  get  shallow  again,  so  that  at  (G)  it  is  only  one  foot  thick  in 
two  and  one-half  feet  of  water,  with  six  inches  of  sand  over  and 
seven  feet  deep  in  four  feet  of  water  with  three  inches  of  sand 
over.  The  marl  is  deep  on  the  long  bar  running  out  from  (11)  and 
around  the  south  end  of  the  lake  nearly  to  (L).  From  (L)  to  (N) 
the  marl  is  shallower,  being  absent  in  two  and  three  feet  of  water 
and  only  five  or  six  feet  deep  on  the  six-foot  water-line.  Though 
one  drilling  showed  only  six  feet  of  marl  under  seven  feet  of  water, 
most  of  the  tests  in  water  of  that  depth  or  more  did  not  reach  the 
bottom  of  the  marl  at  16  feet.  Between  (N)  and  (0)  the  marl  in 
two  feet  or  more  of  water  is  over  14  feet  deep.  From  (0)  to  (Q) 
the  marl  runs  eight  or  nine  feet  deep  in  two  feet  of  water  near  shore, 
but  in  two  or  three  feet  of  water,  on  the  ])oints  shown,  extended  to 
below  reach  of  drill.  x\ round  the  marshy  island  at  (R)  the  marl  is 
deep  but  inclined  to  be  mucky  and  with  usually  a  little  muck  on  top. 
There  is  little  doubt  but  that  marl  averaging  over  10  feet  in  thick- 
ness underlies  almost  the  entire  deep  water  area  of  the  lake. 

PRETTY   LAKE. 

A  lack  of  boat  prevented  the  complete  testing  of  this  lake.  It 
lies  in  sections  15  and  16  (36  north,  11  east),  just  northwest  of  Long 
Lake,  from  which  it  is  separated  by  an  elevated  ridge  about  one-third 
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of  a  mile  in  width.  The  lake  is  over  three-quarters  of  a  mile  long 
by  one-half  a  mile  wide,  with  an  area  of  more  than  200  acres. 

It  is  described  as  a  very  regular  basin  83  feet  deep  in  the  center 
and  shallowing  gradually  toward  shore  to  70  feet,  then  rising  rapidly 
to  the  shallow  water  bench.  The  surrounding  topography  is  much 
the  same  as  that  of  Long  Lake.  Tests  for  marl  were  made  by  wading 
along  the  southwest  shore.  Thus  at  (T),  in  one  foot  of  water  25 
feet  from  shore,  the  marl  is  four  feet  deep  and  twice  that  depth  in 
two  feet  of  water  at  40  feet  from  shore.  In  three  feet  of  water  at 
60  feet  from  shore  the  marl  is  11  feet  deep  and  a  little  further  out 
extends  to  below  16  feet.  About  the  same  results  were  obtained  by 
tests  at  various  other  places  along  the  south  or  southwest  shore. 

There  is  undoubtedly  enough  marl  in  the  two  lakes  under  con- 
sideration to  justify  the  erection  of  a  large  cement  factory,  but  until 
appliances  are  invented  for  securing  the  marl  from  beneath  deep 
water  it  can  not  be  utilized. 

ADAMS  AND  EVE  LAKES. 
Large  Marl  Depostt,  Mostly  Under  Deep  Water. 

adam8  lake. 

Adams  Lake  lies  two  miles  northeast  of  Wolcottville,  Lagrange 
County,  in  sections  23,  24,  25  and  26  (36  north,  10  east),  Johnson 
Township.  Its  southern  edge  is  a  mile  north  of  the  Chicago  Di- 
vision of  the  Wabash  Railway  and  its  western  edge  a  little  over  a 
mile  east  of  the  Grand  Rapids  &  Indiana  Railway. 

The  lake  has  a  length  of  over  one  mile  by  a  width  of  over  a  half- 
mile  and  an  area  of  320  acres.  A  long  point,  but  slightly  submerged, 
extends  out  from  the  northeast  shore  nearly  cutting  off  the  east  end. 
This  point  had,  when  examined,  only  a  few  inches  of  water  over  it. 
The  shore  at  most  points  runs  out  gently  for  100  to  150  feet,  to  a 
depth  of  four  to  eight  feet  of  water,  then  in  a  few  feet  descends  rap- 
idly to  deep  water.  The  deep  water  is  said  to  run  from  40  to  75 
feet  deep  with  93  feet  of  water  off  from  the  long  point  mentioned. 
The  shores  of  the  lake  are  at  most  points  elevated  with  a  noticeably 
high  hill  at  (G). 

Marl. — A  few  inches  of  marl  is  often  found  close  to  shore,  but 
usuallv  it  does  not  reach  a  thickness  of  three  feet  until  50  or  75 
feet  from  shore,  where  the  water  is  perhaps  two  feet  deep.  Where 
the  water  is  three  feet  deep  the  marl  is  apt  to  run  from  five  to 
ten  feet  deep.     After  reaching  four  feet  of  water  the  marl  quickly 
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thickens  to  over  10  or  12  feet.  The  conditions  around  the  lake  are 
fairly  uniform  and  as  given  above.  The  long  point  has  no  marl  on 
its  crest,  which  is  composed  of  sand  and  gravel,  often  quite  coarse. 
The  marl  appears  to  be  of  good  quality. 


This  lake  lies  in  Ri-cllon  24,  just  northoafit  of  Adams  Lake.    It  has 
an  uroa  of  about  25  acTes  and  a  rt^ported  depth  of  <i5  feet.     Sur- 
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rounding  the  lake  is  about  50  acres  of  marsh  showing  much  bare 
marl.  This,  it  is  claimed,  has  been  tested  all  over  with  a  Id-foot 
pole  without  finding  bottom  except  at  the  edges. 

There  is  very  probably  iiii  acreage  and  thickness  of  marl,  beneath 
and  around  these  two  lakes,  sufFident  to  furnish  a  large  factory  with 
cement  innleviiil.  The  largiT  deposit  in  Adams  Ivnke  is,  for  the  most 
part,  however,  covered  with  deep  water,  and  is.  therefore,  not  at 
presi'iit  available. 
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OLIVER  AND  OLIN  LAKBS. 
Labos  Marl  Dkposit,  Mostly  Ukdsb  Deep  Wateb. 

These  lakes,  which  are  contiguous,  lie  in  sections  17,  18, 19  and  20 
(36  north,  10  east),  Johnson  Township.  They  are  about  a  mile  and 
a  fourth  west  of  the  Grand  Eapids  and  Indiana  Railway,  and  two 
and  a  half  miles  northwest  of  Wolcottville.  Oliver  Lake  is  over  a 
mile  long  from  east  to  west  and  nearly  a  mile  wide  from  north  to 
south,  with  an  area  of  about  600  acres.  Olin  Lake  is  more  irregular 
in  shape,  with  a  length  of  one-half  mile  and  a  width  of  a  quarter  of 
a  mile,  covering  probably  less  than  100  acres. 

Oliver  Lake  has  a  broad  expanse  of  shallow  water  in  the  north- 
eastern part,  but  around  the  remainder  of  the  lake  the  shallow 
water  belt  is  comparatively  narrow.    There  is  a  considerable  shoal  in 
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Fig.  20.    Map  of  Oliver  and  Olin  Lakes,  Lagrange  County,  Ind. 

the  southeast  part  of  the  lake  over  which  the  water  is  from  one  to 
three  feet  deep.  The  deep  water  in  the  eastern  half  of  the  lake 
runs  from  60  to  72  feet  in  depth. 

The  shallow  water  belt  in  Olin  Lake  is  very  narrow,  being  only  a 
few  yards  in  width  at  the  most;  when  the  bottom  slopes  down  rapidly 
into  deep  water,  which  ranges  up  to  80  feet  in  depth. 

Marl. — At  (A)  the  shore  is  hard,  but  the  marl  sets  in  a  short  dis- 
tance out,  and  though  the  water  remains  two  feet  deep  for  a  long 
distance,  the  marl  gradually  increases  from  one  foot  to  over  12  feet 
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and  in  three  feet  of  water  extends  to  below  16  feet.  Along  the  east 
side  of  the  lake  the  marl  is  shallower,  running  up  to  eight  feet  in 
two  feet  of  water  in  one  place,  but  generally  only  showing  five  or 
six  feet  of  marl  in  four  feet  of  water.  In  seven  feet  or  over  of  water 
the  marl  is  deep.  It  is  also  deep  on  the  shoal,  and  along  the  south 
side  of  the  lake  the  bottom  of  the  marl  was  not  reached  even  in  one 
and  two  feet  of  water.  Along  the  western  and  northwestern  side 
of  the  lake  the  conditions  are  practically  the  same.  Though  the 
shallow  water  belt  is  uarrow  the  marl,  even  in  two  feet  of  water, 
reached  to  below  the  pole.  All  of  the  tests  in  Olin  Lake  found  marl 
to  below  16  feet. 

The  deposit  of  marl  in  the  two  lakes  is  sufficient  to  supply  a  large 
factory  for  many  years,  but  the  greater  part  of  it  is  not  at  present 
available,  on  account  of  the  d-epth  of  the  overlying  water. 

NAUVOO  LAKE. 
Not  a  Wobkablb  Dxposit. 

This  lake  lies  beside  the  Chicago  Division  of  the  Wabash  Railway, 
about  two  miles  east  of  Wolcottville.  The  tests  for  marl  were  lim- 
ited to  a  line  of  drillings  along  the  channel  from  the  lake  to  the 
ice-house  beside  the  railway.  These  were  made  about  100  yards 
apart,  starting  near  the  railway  and  extending  to  the  lake.  All  of 
these  showed  muck  varying  in  thickness  from  two  to  16  feet,  with 
the  underlying  marl  from  one  foot  to  14  feet  in  depth.  The  amount 
of  muck  was  deemed  too  great  to  allow  the  working  of  the  deposit. 

WITMER,  LONG,  THIRD,  DALLAS  AND  ATWOOD  LAKES. 
Large  Marl  Deposit,  Mostly  Under  Deep  Water. 

As  these  lakes,  except  Atwood,  are  all  openly  connected,  they  will 
be  treated  as  containing  a  single  deposit.  They  lie  west  of  Wolcott- 
ville, Lagrange  County,  in  sections  29,  30,  31,  32  and  33  (36  north, 
10  east),  Johnson  Township,  and  section  25  (36  north,  9  cast),  Clear 
Spring  Township.  Atwood  and  Witmer  lakes  are  each  but  little 
over  one-quarter  of  a  mile  from  the  Chicago  Division  of  the  Wabash 
Railway  and  Witmor  Lake  about  a  inilc  from  the  Grand  Rapids  & 
Indiana  Railway. 

Witmer  Lake  is  an  irregular  oblong,  a  mile  long  by  a  quarter  to 
a  third  of  a  mile  wide.  Long  Lake  is  more  like  a  wide,  deep  channel 
than  a  lake.  It  is  a  mile  long  by  an  eighth  of  a  mile  or  less  wide. 
Third  Lake  is  an  irregular  body  of  water,  a  half  mile  wide  from  east 
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to  west  and  a  little  over  that  from  north  to  south.  The  northern 
part  narrows  down  to  channel-like  proportions,  with  Pickerel  Bay 
projecting  (o  the  east,     Dallas  Ijake  has  a  length  of  about  a  mile 
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and  a  width  of  a  quarter  of  a  mile  or  less.  Atwood  Lake  is  more 
regularly  oval  than  the  others  with  a  length  of  over  three  quarters 
of  a  mile  and  width  of  nearly  half  a  mile. 

Though  the  hills  surrounding  these  lakes  are  of  only  moderate 
height  and  usually  separated  from  the  lakes  by  a  var3ring  width  of 
marsh,  the  lakes  themselves  have  a^ood  depth  and,  in  the  case  of 
Third  Lake,  a  surprising  depth.  p]xcept  a  strip  along  the  east  side 
of  Third  Lake,  the  belt  of  shallow  water  around  all  of  the  lakes  is 
very  narrow,  usually  not  more  than  a  few  yards  or  at  most  a  few  rods 
wide. 

Witmer  Lake  has  a  depth  of  from  40  to  5()  feet;  Long  Lake  a  depth 
of  25  to  35  feet.  Third  Lake  showed  a  depth  of  75  feet  or  more  all 
over  the  deep  water  area  with  a  maximum  of  96  feet  within  20 
rods  of  the  inlet.  Atwood  Lake  is  shallow,  running  from  20  to  30 
feet.  Around  these  lakes,  somewhat  as  suggested  on  the  accompany- 
ing map,  is  an  extensive  marsh  area.  Back  of  that  the  hills  slope  up- 
ward to  moderate  elevations.  This  chain  of  lakes  forms  the  source  of 
the  northernmost  branch  of  the  Elkhart  Eiver,  the  upper  course  of 
which  is  characterized  by  passage  through  very  extensive  marshes, 
and  lakes  of  considerable  depth  in  the  midst  of  them. 

Marl. — With  the  exception  of  a  small  area  of  sandy  bottom 
around  the  inlet  of  Witmer  Lake,  the  shores  of  these  lakes  show 
marl  at  every  point  and  except  at  a  point  near  (E)  on  Witmer  Lake 
and  one  on  the  north  side  of  Long  T>ake,  the  marl  extended  to  below 
reach  of  drill  at  every  point  tested.  At  the  two  points  mentioned 
bottom  was  found  at  15  feet.  From  the  depth  of  the  marl  at  the 
edge  of  the  water  it  would  appear  evident  that  in  many  places  it 
runs  back  under  the  marsh.  Tests  at  one  or  two  points  showed  that 
back  from  the  water  the  marl  quickly  gets  thinner  while  the  over- 
lying muck  as  rapidly  thickens.  The  largest  local  deposit  of  marl 
was  found  on  the  east  side  of  Third  Lake  at  (A).  At  this  point  is  a 
large  area  of  shallow  water,  beneath  which  the  marl  is  very  light  in 
color  and  comes  within  a  few  inches  of  the  surface.  In  the  sunlight 
this  glitters  with  the  white  lustre  of  burnished  silver,  due  to  the 
milky  color  imparted  to  the  water  by  the  underlying  marl.  There  is 
little  doubt  but  that  a  large  portion  of  the  marsh  east  and  south 
of  Pickerel  Bay  is  underlain  with  a  thick  deposit  of  marl,  but  the 
conditions  were  such  that  a  detailed  examination  could  not  be  made. 
Atwood  Lake  was  only  examined  along  part  of  the  south  side.  The 
marsh  here  is,  for  the  most  part,  a  quaking  meadow  with  a  good 
depth  of  rather  mucky  marl  below. 
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Judging  from  the  thickness  of  the  exposed  or  shallow  water  marl, 
around  these  lakes,  the  greater  portion  of  their  deep  water  area  is 
underlain  with  a  deposit  of  good  depth.  That  at  present  available 
is  mostly  in  Third  Lake.  On  account  of  the  excellent  railway  facili- 
ties and  the  quality  of  the  marl,  which  appears  of  the  best,  the  de- 
posit will  doubtless  be  developed  as  soon  as  appliances  for  utilizing 
the  deep  water  marl  can  be  used. 

NOBLE  COUNTY. 
References  — 

1859. — Richard  Owen,  Geol.  Reconn.  of  Ind.,  p.  207. 

1873.— G.  M.  Levette,  Fifth  Ann.  Rep.  Geol.  Surv.  of  Ind.,  p.  447. 

1875. — Id.,  Seventh  Ann.  Rep.  Geol.  Surv.  of  Ind.,  pp.  487,  492. 

1893. — Dr.  C.  R.  Dryer,  Seventeenth  Ann.  Rep.  Ind.  Dept.  Geol. 
and  Nat.  Res.,  p.  17. 

1899. — ^Frank  Leverett,  Water  Supply  and  Irrigation  Papers,  TI. 
S.  Geol.  Surv.,  No.  21,  p.  31. 

Noble  County  is  in  the  second  tier  of  counties  south  of  Michigan 
and  in  the  second  tier  east  of  Ohio.  It  is  bounded  on  the  north  by 
Lagrange,  on  the  east  by  Dekalb,  on  the  south  by  Allen  and  Whitley, 
and  on  the  west  by  Elkhart  and  Kosciusko  counties.  The  county 
contains  417  square  miles  and  lies  between  868  and  1,018  feet  above 
sea  level,  the  lowest  point  being  the  Elkhart  River  on  the  western 
line  of  the  county  and  the  highest  the  summit  in  Wayne  Township, 
three  miles  east  of  Kendallville.  The  following  is  the  elevation  in 
feet,  above  tide,  of  the  more  important  railway  stations  in  the 
county:  Albion,  919;  Avilla,  976;  Avilla  Summit  (B.  &  0.),  1,007; 
Brimfield,  944;  Cromwell,  930;  Kendallville,  974;  La  Otto,  881; 
Ligonier,  885;  Rome  City,  933;  Swan,  885;  Wawaka,  895. 

The  county  is  well  supplied  with  transportation  facilities,  being 
crossed  by  three  railways  and  touched  by  two  more.  The  Grand 
Rapids  &  Indiana  passes  north  and  south  through  the  eastern  part; 
the  Baltimore  &  Ohio,  east  and  west  through  the  center,  and  the 
Lake  Shore  &  Michigan  Southern,  east  and  west  through  the 
northern  tier  of  townships.  The  Eel  River  Division  of  the  Wabash 
crosses  the  extreme  southeastern  comer,  and  the  Chicago  Division 
of  the  same  system  touches  the  northern  border  for  about  three  miles 
in  Orange  Township. 

The  surface  of  the  entire  county  is  thickly  covered  with  drift, 
the  known  thickness  of  which  raiiges  between  169  and  485  feet. 
The  greater  part  of  this  drift  covering  belongs  to  the  interlobate 
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moraines  of  the  Erie  and  Saginaw  lobes.  The  Salamonie  or  Third 
J<>ie  moraine  crosses  the  southeastern  corner  of  the  county  forming 
the  surface  of  Swan  and  a  small  portion  of  that  of  Greene  and  Allen 
Townships.  The  Mississinewa  or  Fourth  Erie  moraine  covers  the 
townships  of  Greene,  Jefferson,  Allen,  Orange  and  Wayne.  The 
western  part  of  the  county  is  covered  with  the  Saginaw  Drift.  On 
account  of  the  intermingling  or. merging  of  debris  from  so  many 
different  glacial  invasions,  the  surface  of  the  county  is  extremely 
diversified.  High  rounded  domes,  hills  and  ridges  alternate  with 
deep  valleys  and  level  plains  in  rapid  succession.  Many  of  the  de- 
pressions form  water-tight  basins,  occupied  by  lakes  either  present 
or  extinct.  The  latter  far  outnumber  the  former,  the  combined  area 
of  the  marshes,  which  occupy  the  sites  of  former  lakes  being  esti- 
mated at  15  per  cent,  of  the  total  area  of  the  county.  Many  of 
these  marshes  still  retain  a  small  pool  of  open  water  at  the  center, 
the  last  vestige  of  a  once  noble  expanse  of  water,  whose  area  has 
become  gradually  lessened  by  the  encroachment  of  aquatic  vegetation 
and  by  the  dredged  ditches  of  mankind. 

The  number  of  lakes  still  existing  in  the  county  probably  exceeds 
100,  but  the  great  majority  of  them  might  be  termed  "ponds,'^  as 
thev  are  less  than  40  acres  in  extent.  Nineteen,  which  contained  an 
area  of  150  or  more  acres  each,  were  visited  during  our  investigation 
of  the  marl  deposits.  A  number  of  these  were  adjacent,  the  marl, 
if  present,  being  termed  as  one  deposit,  even  though  beneath  or  sur- 
rounding two  or  three  lakes.  But  four  deposits  were  found  in  the 
county  which  were  deemed  workable  under  the  present  conditions 
of  ii(Hiiring  marl.  Three  others  had  a  bed  of  sufficient  area  and 
thickness,  but  mostly  beneath  deep  water.  At  the  remainder  the 
marl  was  not  found  in  sufficient  quantity  to  be  available  for  the 
inanufacture  of  cement. 


TAMARACK  LAKE. 
Lai«;e  Deposit,  Mostly  Under  Deep  Water. 

This  lake  lies  in  section  6  (35  north,  11  east)  and  section  1  (35 
north,  10  east),  in  Wayne  and  Orange  Townships.  It  was  formerly 
nearly  a  mile  and  three-quarters  long  with  a  long  arm  extending  out 
from  the  northeastern  side.  By  the  removal  of  a  dam  and  the 
(litehing  of  the  outlet  it  has  been  to  a  large  degree  lowered  and  re- 
duced to  a  crescent-shaped  body  of  water  three-quarters  of  a  mile 
long  by  less  than  a  quarter  of  a  mile  wide.    On  account  of  this  lower- 
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iDg,  the  water  area  ie  suiroanded  on  all  sides  by  marsh-land,  the 
widest  extent  of  which  is  on  the  south  and  east  sides.  The  lake  con- 
tains but  little  vegetation  except  at  the  margins,  where  Chara,  rushes 
and  spatterdock  are,  in  places,  abundant.  The  maximum  depth  of 
water  found  was  40  feet.  Along  the  west  and  south  sidoB  it  was  al- 
most, everywhere,  15  feet  deep  at  a  distance  of  30  feet  from  shore. 

Masl. — The  present  water  area  is  probably  wholly  underlain  with 
a  thick  deposit  of  marl  as,  except  where  the  township  line  meets 
the  south  shore,  the  marl  extends  to  below  16  feet  at  every  point 
along  the  narrow,  shallow  water  area.  Only  the  marsh-land  south 
and  southeast  of  the  lake  between  (A)  and  (B)  was  tested. 


Fif.a.    UapofTi 
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ning  at  the  water's  edge  opposite  ^),  four  bores  were  put  down,  10 
rods  apart,  on  a  line  to  (D).  These  resulted  as  follows:  (1)  muck 
three  feet,  marl  nine  feet;  (2)  muck  two  feet,  marl  11  feet;  (3) 
muck  six  inches,  marl  15  feet;  (4)  muck  one  foot,  marl  12  feet. 
At  the  margin  of  the  former  water  area,  five  rods  south  of  number 
(4),  the  marl  had  wholly  disappeared.  Two  bores,  numbers  (5)  and 
(6),  10  rods  apart,  west  of  number  (4),  gave  respectively  nine  and  10 
feet  of  marl  beneath  one  foot  of  muck.  Twenty  rods  west  of  number 
(fi).  near  (A),  the  muck  had  increased  to  four  feet  and  the  marl  di- 
minished to  six  feet  in  thickness.  Twenty  rods  north  IK  feet  of 
muck  only  was  found,  and  west  of  this  to  the  towni^hip  line  no  marl 
was  found  beneath  18  feet  and  more  of  muck.  East  of  the  quarter 
section  line  (C  and  D)  the  marl  occurs  10  to  12  feet  in  depth  for 
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about  10  rods  and  is  then  gradually  replaced  by  muck,  so  that  not 
over  12  to  15  acres  of  this  portion  of  the  marsh  are  underlain  with 
marl.  A  number  of  tests  in  the  marsh,  in  a  southeasterly  direction 
to  the  end  of  the  lake,  found  only  small  isolated  patches  of  marl, 
the  muck  everjrwhere  predominating.  The  same  thing  holds  good 
of  the  60  acres  or  more  of  marsh  southeast  of  the  lake  (E  to  F), 
where  but  one  or  two  of  many  bores,  with  18-foot  auger,  showed 
marl. 

While  the  deposit  beneath  the  present  water  area,  combined  with 
that  in  the  marsh,  is  doubtless  large  enough  for  cement  making,  the 
amount  under  shallow  water  and  in  the  marsh  is  not  sufficient  to 
justify  the  erection  of  a  factory  at  the  present  time. 


SYLVAN  LAKE. 
Not  a  Workable  Deposit. 

This  lake,  more  commonly  known  as  ^Tlome  City  Reservoir,"  is 
wholly  artificial,  being  formed  in  1837  by  a  dam  thrown  across  a 
small  tributary  of  the  Elkhart  River,  to  create  a  feeder  for  the  pro- 
posed Michigan  and  Erie  Canal.  It  adjoins  Rome  City  on  the  east 
and  the  G.  R.  &  I.  Railway  runs  along  its  western  border.  The  lake 
is  nearly  three  miles  long  by  one-half  a  mile  wide,  with  an  area  of 
1,200  or  more  acres.  Its  depth  runs  from  17  to  30  feet  and  its  out- 
line is  very  irregular,  with  numerous  points,  bays  and  narrow  chan- 
nels. Several  islands,  prettily  wooded  with  oak  and  other  timber, 
dot  its  surface  and  furnish  delightfully  cool  and  shady  retreats  for 
picnic  and  boating  parties.  The  "Island  Park  Assembly/'  an  institu- 
tion under  the  management  of  the  Methodist  Episcopal  Church, 
holds  here  its  regular  summer  sessions.  The  lake  has  several  times 
been  well  stocked  with  fishes  by  the  U.  S.  Fish  Connnission,  and 
furnishes  excellent  sport  for  all  interested  in  the  pursuit  of  the  finny 
tribe. 

Marl. — Being  artificial,  no  marl  occurs  beneath  its  waters.  In 
many  of  the  bays  and  inlets  a  deposit  of  nuick  is  slowly  accumulating 
by  the  decay  of  water-lilies,  rushes  and  other  aquatic  vegetation. 

In  the  report  of  this  Department  for  1875,  Dr.  Levette  states  that 
'T^n  a  bluff  that  foriiu'd  the  border  of  a  lake  now  filled  up  by  vegeta- 
tion, about  one  mile  north  of  Rome  City,  a  ditch  has  exposed  a 
deposit  of  marl  or  fresh  water  chalk  several  feet  in  thickness. 
Other  heavy  deposits  were  reported  in  the  same  neighborhood.  In 
the  absence  of  a  better  article,  this  might  be  burned  and  used  for 
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making  mortar,  but  its  chief  value  lies  im  its  fertilizing  properties 
when  spread  over  the  clay  lands  of  the  vicinity,  after  having  been 
burned  and  slaked/^ 

^'An  analysis  of  this  marl  showed  the  following  composition  in  100 
parts: 

Water  at  212  degrees  F 3.00 

Carbonic  acid  and  combined  water 41.00 

Insoluble  silicates 70 

Oxide  of  iron a  trace. 

Alumina 1.00 

Lime 49.84 

Magnesia   4.10 

Sulphuric  acid  03 

Phosphoric  acid 52 

Total  100.19 

"This  chalk  shows  a  remarkable  degree  of  purity,  the  insoluble 
matter  being  less  than  one  per  cent.,  and  it  contains  only  a  trace  of 
iron.  The  discoloration  is  removed  by  ignition;  it  is  pulverulent 
when  dry  and  soft  like  mortar  when  first  taken  from  the  bank,  and 
may  be  pressed  into  pencils  and  will  mark  like  the  common  English 
chalk."* 

LONG  AND  ROUND  LAKES. 
Large  Deposit,  Mostly  Under  Deep  Water. 

These  lakes  lie  just  north  and  northeast  of  Kendallvillc  in  sections 
27  and  28  (35  north,  11  east),  Wayne  Township. 

Long  Lake  is  a  mile  long  and  has  a  width  varying  from  a  few  rods 
toward  the  eastern  end  to  one-quarter  of  a  mile  near  the  western 
end.  Round  Lake  has  been  lowered  several  feet,  thus  materially 
reducing  its  water  area.  It  is  at  present  nearly  three-quarters  of 
a  mile  long  by  three-eighths  of  a  mile  wide  and  is  almost  divided 
in  two  by  a  point  which  projects  out  from  its  northwestern  shore, 
and  by  a  long  island  near  its  center. 

The  area  around  the  basins  of  these  lakes  is  high  and  rolling  except 
for  a  marsh  at  the  head  of  Round  Lake  and  another  at  the  foot 
of  Long  Lake.  Around  most  of  Long  Lake  and  on  the  eastern  side 
of  Round  Lake  the  banks  rise  abruptly  from  the  water.  The  western 
side  of  the  latter  lake  is  at  present  occupied  by  an  extensive  marsh 
which  covers  at  least  one-third  of  the  old  lake  area.  Around  both 
lakes  the  belt  of  shallow  water  is  very  narrow. 

^  Levettet  loc.  eit.,  pp.'493, 41. 
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Marl. — Long  I^ake  showed  marl  to  below  16-foot  drill  on  the 
north  side  and  at  the  west  end,  even  where  the  water  was  only  six 
inches  or  one  foot  deep.  Along  the  south  side  of  the  lake  the  condi- 
tions vary  greatly.  At  (M)  the  marl  is  over  15  feet  deep  close  to 
shore  in  one  foot  of  water.  Going  toward  (L)  it  thins  until  it  is 
only  six  feet  thick  in  six  feet  of  water;  then  deepens  until  it  is  12 
feet  deep  in  one  foot  of  water.  Toward  (K)  the  marl  nearly  runs 
out,  and  wliile  here  and  there  is  a  foot  or  two  thick,  in  the  main 
only  sand  and  gravel  is  found  out  to  IG  feet  of  water.  'Hie  marl  is 
deep  but  muiky  in  the  bend  at  (J).  Along  the  south  side  of  the 
narrow  neck  of  the  lake  no  marl  was  found,  but  farther  east  at  (H) 
it  deepens  rapidly  so  that  as  much  as  12  feet  of  marl  was  found  at 
the  water's  edge.    Marl  probably  extends  from  one  lake  to  the  other. 


Fiff.  23.    Map  of  Long  and  Round  Lakes,  Noble  County,  Ind. 

Tests  on  Eound  Lake  along  tlio  south  shore  showed  either  12  or 
13  feet  of  marl  at  the  water's  edge  with  remarkable  regularity.  The 
same  depth  was  found  between  the  point  and  island.  Along  the 
north  side  of  the  island  the  nuirl  is  deeper,  in  most  ra.ses  being  over 
1(>  feet  thick  and  siiggo>ting  that  the  island  is  largely  (M)iiiposed  of 
marl.  Tests  made  in  the  marsh  at  (l''-<i)  showed  from  iliree  feet  to 
1.'^  feet  of  muck,  underlain  hv  from  one  to  i'wo.  feel  of  marl,  the 
tliickest  marl  coming  under  ihe  thinnest  muck.  Doubtless  still 
thicker  inarl  underlic*s  parts  of  this  old  lake  IxmI,  hut  circumstances 
pr(»vented  us  from  making  a  detailed  t»'sl  of  its  area. 

I'^rom  tlie  results  of  tests  made  wr  fe<d  safe  in  helieving  that 
tlu^  entire  deep  water  area  of  the  two  lakes  overlies  a  thick  deposit 
of  nuirl.  The  auKUint  at  })resent  available  is  not,  however,  sullicient 
to  term  it  a  workable  deposit. 
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WALDRON,  JONES  AND  8TBINBARGEB  LAKES. 
Workable  Deposit,  Pabti.y  Umier  Deep  Witeb. 

This  group  of  lakes  lies  about  two  milee  west  of  Eome  City  in  sec- 
tions 7  and  18  (35  north,  10  east),  and  sections  12  and  13  (35  north,  9 
east).  Orange  and  Elkhart  townships,  and  are  tributary  to  the  North 
Fork  of  the  Elkhart  Biver. 

Jones  Lake  is-nearly  rectangular;  is  half  a  mile  long  by  a  quarter 
of  a  mile  wide,  with  an  area  of  about  100  acres.  Waldron  Lake  is  an 
irregular  shaped  body  of  water,  more  like  an  enlargement  of  the 
Elkhart  River  than  a  lake.    Following  its  windings  it  has  a  length  of 
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a  mile  or  more  with  a  width  ranging  from  a  few  rods  to  a  quarter  of 
a  mile.  Toward  the  west  it  gradually  narrows  down  to  the  propor- 
tions of  a  river.  An  open  channel  connects  this  lake  with  Jones 
Ijake.  Hteinbarger  Lake  has  a  length  of  one  mile  and  an  average 
width  of  less  (ban  a  quarter  of  a  mile.  A  point  from  the  north  side 
near  the  southeast  end  nearly  divides  the  lake  into  two  unequal 
parts. 
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Except  aloDg  the  south  side  of  Steinbarger,  the  immediate  shores 
of  these  lakes  are  nearly  everywhere  flat  and  marshy.  Back  of  these 
extensive  marshes  the  land  rises  into  rolling  upland.  As  a  rule  the 
belt  of  shallow  water  is  narrow,  being  especially  so  in  Steinbarger 
Lake.  Jones  Lake  has  a  maximum  depth  of  30  feet^  and  a  small 
island  rises  a  little  west  of  the  center.  Waldron  Lake  averages  30 
feet  in  depth  with  a  maximum  near  the  south  end  of  47  feet.  Stein- 
barger Lake  has  about  the  same  depth  with  a  maximum,  near  the 
head,  of  39  feet. 

Marl. — In  Jones  Lake  the  marl  ran  to  below  16  feet  at  nearly 
every  point  tested  in  water  from  one  to  12  feet  in  depth.  In  places 
the  marl  gets  shallow  toward  shore  but  generally  it  extends  to  below 
16  feet  in  one  foot  or  less  of  water,  indicating  that  it  tends  to  run 
back  under  the  marsh.  The  island  appeared  to  be  all  marl.  In 
quality,  the  marl  of  this  lake  was  usually  dark  and  mucky,  especially 
toward  the  northwestern  corner,  where  it  appeared  to  be  more  muck 
than  marl. 

In  Waldron  Lake  the  marl  gets  shallow  toward  shore  at  the  east 
side  at  (M),  in  two  feet  of  water  running  from  four  to  seven  feet  in 
thickness.  It  is  nine  feet  thick  in  three  feet  of  water  and  then  in- 
creases rapidly.  At  (U)  on  the  north  side  the  marl  was  only  10  feet 
thick,  but  at  every  other  point  tested  it  ran  to  over  16  feet.  Time 
did  not  permit  the  testing  of  the  extensive  flats  around  the  lake, 
but  their  appearance  seemed  to  favor  the  idea  that  some  marl  would 
be  found  beneath  them.  The  marl  here  appeared  much  whiter  and 
more  solid  than  in  Jones  Lake. 

In  Steinbarger  Lake  none  of  the  tests  found  the  bottom  of  the 
marl  at  16  feet.  The  marl  here  was  not  as  clean  as  in  Waldron,  and 
much  softer,  especially  in  the  southeastern  end. 

The  above  three  lakes  are  so  closely  connected  as  to  form  practi- 
cally one  deposit.  A  switch  three  miles  in  length  would  reach  Wal- 
dron Lake,  from  either  the  L.  S.  &  M.  S  or  the  G.  R.  &  I  railways, 
thus  giving  excellent  transportation  facilities,  and  there  is  no  doubt 
but  that  the  acreage  and  thickness  of  shallow-water  marl  now 
available  in  and  around  the  lakes  is  large  enough  to  warrant  the 
investment  of  capital  in  its  development  for  cement  making. 
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SKINNER  LAKB. 


Not  a  Workable  Deposit. 


Skinner  Lake  lies  about  two  miles  east  of  Albion  in  sections  15  and 
16  (34  north,  10  east),  Jefferson  Township. 

The  lake  occupies,  a  shallow  basin  25  to  30  feet  deep  surrounded  by 
low  rolling  land.  It  has  an  extreme  length  of  nearly  a  mile  and 
extreme  width  of  half  a  mile,  with  an  area  of  about  150  acres.  The 
shores  are  low  and  devoid  of  points  of  interest. 

Marl. — The  distribution  of  marl  on  this  lake  is  extremely  ir- 
regular. At  (A)  is  no  marl,  but  muck  to  below  16  feet.  Toward 
(B)  marl  sets  in,  being  four  feet  deep  in  one  foot  of  water  but  in 
deeper  water  is  replaced  with  muck.  Thus  in  four  feet  of  water 
the  muck  is  seven  feet  deep  and  a  little  further  out  is  more  than 
16  feet  in  depth.  The  muck  continues  to  16  feet  of  water  and  be- 
yond. At  (C)  the  marl  is  six  feet  deep  in  one  foot  of  water,  four 
feet  deep  in  four  feet  of  water  and  has  thinned  out  before  eight  feet 
of  water  is  reached,  where  the 
bottom  is  hard.  From  (D)  to 
(E)  no  marl  was  found.  At  (F) 
the  marl  is  thick,  the  bottom 
Dot  being  reached  in  water 
eight  feet  or  over  deep.  Going 
on  to  (G)  it  disappears  and  is 
replaced  by  muck  which  is  over 
14  feet  deep  in  two  feet  of 
water,  and  bottom  not  reached 
farther  out.  At  (H)  a  little 
marl  appears  below  the  muck. 
From  (H)  to  (J)  no  marl  was 
found,  the  muck  being  every- 
where to  below  16  feet.  At  (K)  six  feet  and  more  of  greenish  marl 
was  found  under  five  feet  of  muck  in  five  feet  of  water.  Then  for 
a  distance  the  bottom  is  all  sand  at  all  depths  within  reach.  At  (M) 
in  shallow  water,  marl  appears  below  a  considerable  thickness  of 
muck,  but  drillings  in  10  feet  or  over  of  water  showed  only  muck. 
At  (N)  the  bottom  is  hard.  From  (0)  to  (P)  the  muck  is  deep.  At 
(Q)  the  marl  runs  to  below  16  feet  at  all  depths  of  water  but  is 
mucky.  At  (R)  there  is  a  foot  or  two  of  mud  and  marl  in  water 
from  one  to  five  feet  deep,  but  in  deeper  water  the  bottom  is  hard. 
From  (S)  to  (T)  the  muck  is  thick. 


Fif .  25.    Map  of  Skinoer  Lake.  Noble 
County,  Ind. 
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The  tests  showed  that  the  marl  is  not  sufficient  in  quantity  or  suit- 
able in  quality  for  cement  making. 

DIAMOND  LAKE. 
Large  Deposit,  Mostly  Under  Deep  Watke. 

Diamond  Lake  lii;s  in  sections  31  and  32  (35  north,  9  east)  and 
sections  5  and  6  (31  north,  9  cast).  It  is  two  miles  south  of  the  L. 
S.  &  M.  S.  Railway  and  three  miles  north  of  the  B.  &  0.  Railway. 
The  lake  is  five-eighths  of  a  mile  long  by  three-eighths  of  a  mile 
wide  and  of  a  regular  oval  shape.  On  the  south  the  country  is 
rolljjig  or  flat  Imt  on  the  north  rises  one  of  the  most  abrupt  ranges 
of  hills  occurring  in  the  drift  region  of  the  State.  In  the  words  of 
Dr.  Dryer:*  "They  are  as  rough  and  irregular  a  pile  of  gravel 
knobs  as  can  be  found  in  Indi- 
ana, rising  150  to  200  feet 
above  the  lake,  with  a  southern 
descent  almost  too  steep  for  a 
horse  and  wagon.  The  range 
is  two  and  a  half  miles  long 
east  and  west,  and  from  one- 
half  to  three-fourths  of  a  mile 
wide.  It  is  completely  isolated 
Fi,.M.  H.p  of  DUmand  L.k..  Noble  bv  the  vallcy  of  the  Klkhart  on 
the  east  and  north,  and  the 
valley  of  the  lakes  and  their  outlet  on  the  south  and  west,  and  forms 
one  of  the  most  remarkable  as  well  as  conspicuous  features  of  the 
region.  The  Diamond  Lake  hills  stand  like  an  Egyptian  pyramid 
amid  the  ruins  of  an  ancient  city,  a  monument  to  show  us  what  the 
Saginaw  Glacier  could  do  upon  occasion," 

The  depth  of  Diamond  Lake  is  unusual  for  a  lake  of  its  size, 
averaging  50  feet,  with  a  maximum  of  82  feet,  A  long  bar  extends 
out  from  the  south  shore  nearly  across  the  lake.  When  visited  in 
October,  1899,  this  had  only  a  few  inches  of  water  over  it.  The  shore 
at  most  points  runs  out  gently  for  ii  way  then  descends  rapidly  to 
deep  water.  Although  the  Rlkhart  River  is  but  one-half  mile  to 
the  eastward  with  no  elevation  between,  yet  the  outlet  of  Diamond 
Lake  flows  southwesterly  into  Kagle  Lake  and  thence,  by  a  small 
stream,  cutting  the  highland,  northward  into  the  Elkhart  near  the 
town  of  Rochester. 

Marl. — Around  most  of  the  lake  the  marl  is  deep,  sometimea 
shallowing  rapidly  at  the  shore  and  sometimes  running  out  beneath 
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the  marsh  bordering  the  shore,  the  latter  coodition  being  due  to  a 
recent  lowering  of  the  lake  by  ditching.  Along  the  east  side  tiie 
shore  is  sandy,  but  in  the  water  the  marl  quickly  reaches  a  depth 
of  16  feet  or  over.  At  (A)  the  sand  has  washed  down  over  the  marl, 
making  it  appear  as  thongb  absent.  Thus  in  two  feet  of  water  ia 
found  six  inches  of  sand,  then  10  feet  of  marl.  Toward  (C)  the  marl 
gets  more  shallow  again.  On  top  of  the  long  bar  it  runs  from  one 
foot  to  four  feet  in  thickneee,  increasing  to  seven  feet  on  the 
flanks  where  the  water  is  five  feet  deep,  then  thinning  down  until 
it  runs  out  in  13  feet  of  water  and  only  hard  bottom  is  found  beyond. 
Toward  (E)  the  marl- gets  thicker,  being  nine  feet  thick  in  six  inches 
of  water,  13  feet  thick  in  two  feet  of  water  and  below  reach  of  drill 
in  deeper  water.  Along  the  west  end  of  the  lake  none  of  the  tests 
in  the  water  reached  the  bottom  of  the  marl  which  here  nms  back 
from  the  water's  edge.  From  (I)  to  (L)  the  marl  is  somewhat  varia- 
ble at  similar  depths,  about  half  of  the  drillings'  failing  to  reach 
the  bottom,  while  others  found  18  feet  or  more. 

On  the  whole  the  tests  showed  the  presence  of  a  large  deposit  of 
good  marl,  but  ae  most  of  it  ia  beneath  10  feet  or  more  of  water  it  is 
not,  at  present,  available. 


EAGLE  LAKE. 

WORKABI.K    riBPOSlT. 


tit.n.   HftporBMl*L>ka,NobUC< 
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Eagle  Lake  lies  a  little  eouthwest  of  Diamond  Lake  in  Bection  6 
{34  north,  9  east)  and  sections  1  and  12  (34  north,  8  east).  It  is  two 
miles  north  of  the  B.  &  0.  Bailway  and  three  miles  south  of  the  L. 
S.  &  M.  S.  Bailway.  The  size  of  the  lake  has  recently  been  much  re- 
duced by  draining,  so  that  the  present  water  surface  is  comparatively 
small.  It  has  a  length  of  half  a  mile  or  more  and  a  width  of  a  few 
rods  to  one-eighth  of  a  mile.  The  shores  of  the  old  lake  basin  on 
the  north  and  west  are  low,  while  those  on  the  south  and  east  are 
abrupt.  As  already  noted,  the  outlet  flows  northward  into  the  Elk- 
hart River. 

Marl. — Though  small,  this  lake  is  rich  in  marl.  Except  along  the 
southwest  shore  none  of  the  drillings  in  the  water  reached  the  hot- 
torn  of  the  marl.  Tests  out  on  the  shore 
indicated  that  while  at  places  the  marl 
extended  back  with  gradually  lessening 
depth  to  the  old  shore  line,  at  other  places 
it  did  not  extend  hack  more  than  half  way. 
The  marl  appeared  of  good  quality. 

The  total  area  underlain  with  marl  in 
and  around  Eagle  Lake  is,  at  a  low  esti- 
mate, 200  acres,  and  its  average  depth  is 
probably  in  excess  of  20  feet.  On  account 
of  its  proximity  to  two  important  railways 
the  deposit  is  an  important  one  and  in 
every  way  worthy  of  development  for  ce- 
ment making  purposes. 

LONG  LAKES. 
Not  a  Workable  Deporit. 

Long  Ivakes  lie  in  sections  28  and  33 
(34  north,  9  east)  and  section  4  (33  north, 
ft  east),  York  and  Noble  townships.  Only 
the  Lower  Lake  was  examined. 

This  lake  is  less  than  three-quarters  of 
a  mile  long  by  a  little  over  a  quarter  of  a 
mile  wide.  Upper  Long  Lake  is  one  mile 
long  by  a  quarter  of  a  mile  wide.  The 
lakes  lie  in  a  narrow  valley  with  high  hills 
on  either  side,  those  east  of  the  lake  being 
especially  rugged.  As  a  rule  the  band  of 
shallow  water  is  narrow,  in  places  the  six- 
foot  water  line  being  within  10  or  16  feet 
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from  the  shore.  The  outlet  of  the  lakes  is  to  the  northward  into 
Elkhart  River. 

Mabl. — ^Marl  was  found  at  nearly  every  point  aronnd  the  shore, 
but  at  most  points  was  comparatively  shallow.  Thus  at  (A)  in  one 
foot  of  water  five  feet  from  the  shore  the  marl  is  six  feet  deep.  At 
10  feet  from  shore  in  four  feet  of  water  it  is  11  feet  deep,  while  at 
15  feet  from  shore  in  six  and  a  half  feet  of  water  it  is  only  nine  feet 
deep.  Toward  (B)  the  marl  reaches  a  thickness  of  11  feet  in  two 
feet  of  water,  no  marl  showing  in  one  foot  of  water  as  before.    At 

(C)  one  foot  of  marl  is  found  in  one  foot  of  water  and  five  feet  of 
marl  in  two  feet  of  water,  with  the  marl  increasing  in  depth  toward 

(D)  where,  in  two  feet  of  water  it  is  over  14  feet  thick  but  mucky. 
At  (E)  and  (F)  the  marl  is  about  three  feet  deep  in  one  foot  of 
water,  five  to  five  and  a  half  feet  in  two  feet  of  water,  and  eight 
feet  deep  in  four  feet  of  water.  At  (G)  there  is  more  muck  than 
marl.  At  (H)  and  (I)  the  marl  has  a  depth  of  nine  feet  in  one  foot 
of  water  and  13  feet  in  two  feet  of  water,  marl  at  bottom  but  muck 
on  top.  At  (J)  10  feet  of  marl  occurs  in  four  feet  of  water,  good 
at  the  bottom  only.  At  (K)  the  marl  is  eight  feet  deep  in  six  feet 
of  water,  while  at  (L)  only  muck  is  found.  On  the  whole  the  quality 
of  the  marl  does  not  appear  to  be  very  good  and  the  quantity  beneath 
shallow  water  is  not  sufficient  for  the  purpose  of  cement  making. 


DEER  LAKE. 
Workable  Deposit. 

This  is  a  small  lake  which  occupies  part  of  section  25  (34  north,  8 
east),  Sparta  To>vnship.  It  is  distant  one  and  one-half  miles  south 
of  the  B.  &  0.  Eailway.  The  lake  is  only  a 
little  over  a  quarter  of  a  mile  long  and  about 
the  same  in  width,  with  low  marshy  ground 
in  nearly  every  direction  aroimd  its  borders. 
It  has  been  lowered  materially  in  recent 
years,  thus  decreasing  its  water  area. 

Marl. — Though  this  lake  is  small  the 
marl  in  its  basin  is  above  the  average  in 
thickness.  Except  in  the  northwest  comer, 
all  of  the  tests  found  marl  to  below  16  feet. 
Outside  of  the  lake  the  marl  extends  back 
75  or  100  feet.  Thus  at  one  point  50  feet 
back  from  the  margin  of  the  water  the  bare 

-1  4ni>i^-i  cx^   *      M    3     ,1         1       1     Fig.  2».    Map  of  Deer  Lake, 

marl  was  13  feet  deep;  25  feet  farther  .back         Noble  County,  ind. 
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it  was  only  3  feet  deep,  and  ran  wholly  out  within  100  feet  from 
shore. 

The  marl  appeared  to  he  of  good  quality,  and  there  is  deemed 
to  he  a  sufficient  quantity  for  cement  making,  as  the  area  of  the  bed 
is  probahly  130  acres  and,  its  average  thickness  15  or  more  feet. 

LONG  AND  SAND  LAKES. 
Not  a  Wobkable  Deposit. 

These  are  two  out  of  eleven  lakes  which  lie  in  a  chain  across 
northern  Greene  Township  in  sections  3,  4,  8,  9  and  10  (33  north, 
10  east).  These  lakes  are  all  small  and  occupy  a  narrow  valley 
flanked  with  high  hills  on  the  north  and  south.  Their  outlet  is  to 
the  southward  into  Blue  Eiver,  a  tributary  of  Eel  River. 


Fig.  30.    Map  of  Sand  and  Long  Lakes,  Noble  County,  Tnd. 


Marl. — Long  Lake,  for  lack  of  a  boat,  was  only  tested  on  the 
western  side,  where  it  revealed  no  marl  at  all.  Sand  Lake  shows 
10  feet  of  mucky  marl  in  one  foot  of  water  at  (A);  but  at  (B)  the 
marl  has  run  out  and  there  is  only  sandy  bottom  from  (B)  to  (C). 
At  (D)  the  marl  is  mucky  and  two  feet  deep  in  two  feet  of  water; 
four  feet  deep  in  four  feet  of  water,  and  at  greater  depths  up  to  16 
feet,  runs  from  three  feet  to  zero  in  thickness.  From  (E)  to  (G) 
there  is  from  one  to  three  feet  of  muck  in  shallow  water,  or  even  out 
to  12  feet  of  water,  but  in  16  feet  of  water  at  every  point  the  bottom 
is  sandy.  From  (G)  to  (L)  no  marl  is  found,  but  everywhere  the 
muck  is  deep,  extending  below  drill  in  all  tests.  The  amount  of 
marl  present  is,  therefore,  too  insignificant  for  further  considorntion. 
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UABL  LAKH. 

Thick  Dzfiwit  of  DoiTBirui,  Wobkable  Size. 

This  IB  a  small  lake,  east  of  Wolf  I*ke  postoffice,  in  sections  10 
and  11  (33  north,  9  east).  Noble  Township.  It  is  about  three- eighths 
by  one-eighth  mile  in  size  and  has  an  area  of  about  40  acres.  It  is 
largely  surrounded  by  marsh  land,  beyond  which  the  gronnd  rieea 
in  rugged  ridges. 


Fit  31.    Hap  of  Hi 


Mabl. — This  lake  seems  to  lack  but  little  of  being  a  solid  marl 
bed.  None  of  the  tests  iu  the  lake  with  16-foot  drill  reached  the 
bottom  of  the  marl,  and  around  much  of  the  shore  the  bare  marl  is 
i'\|ioBed  for  20  or  30  feet  back,  and  extends  still  farther  back,  but 
with  an  ever  increasing  depth  of  muck  over  it.  Up  the  ditch,  at  the 
west  end  of  the  lake,  the  marl  is  over  16  feet  deep  for  a  quarter  of  a 
mile,  with  from  one  to  two  feet  of  muck  over  it.  Beyond  that  the 
marl  is  replaced  with  muck.  At  either  side  of  the  ditch  the  muck 
increases  in  thickness  at  the  expense  of  the  marl.  There  are  several 
acres  of  marl  additional  in  Little  Marl  Lake,  just  east  of  the  other, 
and  marl  is  reported  as  occurring  extensively  in  the  marshes  in  this 
neighborhood.  While  the  acreage  of  marl  in  the  lake  and  surround- 
ing marshes  is  not  large,  its  great  depth  renders  it  worthy  of  more 
detailed  investigation  than  we  could  give  it  with  the  auger  at  our 
command. 

Deep  Lake,  to  the  southwest  of  Marl  Lake,  has  much  aquatic  veg- 
etation around  its  margins.  No  boat  was  available  tor  its  exploration 
and  the  tests  put  down  where  it  was  possible  to  wade  showed  only 
muck. 
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BBAR  AND  HIGH  LAKBS. 


Not  a  Workable  Deposit. 


These  lakes  are  distant  from  one  another  about  one-half  a  mile, 
and  lie  southwest  of  Wolf  Lake  postofl&ee,  in  sections  7,  8, 17  and  18 
(33  north,  9  east)  and  section  13  (33  north,  8  east),  Noble  and  Wash- 
ington Townships. 


BEAR  LAKE. 


Fig.  32.    Map  of  Bear  and  High  Lake?,  Noble  County,  Ind. 

At  the  time  of  our  visit  in  October,  1899,  Bear  Lake  had  a  length 
of  nearly  a  mile  and  a  width  of  nearly  three-quarters  of  a  mile,  with 
a  water  area  of  320  acres.  It  was  then  a  clean,  compact  body  of 
water,  with  the  banks  of  its  north  and  east  shores  rising  rather  ab- 
ruptly for  20  or  more  feet  and  then  running  back  into  a  level  or 
slightly  rolling  surface;  while  the  south  and  west  shores  were  bor- 
dered with  extensive  marshes,  the  area  on  the  west  between  the  two 
lakes  being  entirely  a  low  marsh  filled  with  dense  aquatic  vegetation. 
The  water  had  a  maximum  depth  of  50  and  an  average  depth  of  per- 
haps 18  feet,  the  shallow  water  on  all  sides  extending  out  well  into 
the  lake.  In  November,  1899,  the  lake  was  lowered  six  feet,  thus 
destroying  its  natural  beauty,  by  enlarging  greatly  the  area  of  shal- 
low water  and  causing  great  mud  flats  around  its  entire  margin. 

Marl. — Before  the  recent  draining.  Bear  Lake  had,  for  the  most 
part,  sandy  and  gravelly  bottom  in  three  feet  or  less  of  water.  At 
(A)  and  (C)  the  bottom  is  clay  instead  of  sand.    In  deeper  water 
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some  marl  was  found.  Thus  at  (B),  in  10  feet  of  water,  the  marl  is 
six  feet  deep.  At  (D)  in  five  feet  of  water,  there  is  sand  six  .inches, 
over  marl  10+  feet  in  thickness.  Going  toward  (E)  the  marl  was 
11+  feet  and  overlain  by  one  foot  of  sand  in  four  feet  of  water. 
At  (P)  and  (6)  the  marl  extends  to  below  16  feet  in  water  four  to 
nine  feet  deep,  but  is  mucky  and  poor.  From  (H)  to  (I)  no  marl 
was  found.  At  (J)  the  bottom  is  muck  to  below  16  feet,  and  the 
same  conditions  prevailed  along  the  south  and  west  shores. 

HIGH   LAKE. 

Before  the  recent  dredging  this  was  one  of  the  prettiest  lakes  in 
Indiana.  Along  its  eastern  border  was  a  natural  ridge  of  sand  and 
gravel,  30  to  50  feet  wide,  15  to  20  high,  and  sparsely  covered  with 
fine  oak  and  other  trees,  thus  forming  a  beautiful  site  for  camping 
parties  and  summer  cottages.  The  waters  of  the  lake  were  then  clear 
and  sparkling,  well  stocked  with  fish  and  mussels — a  delightful  re- 
sort for  anglers  and  boating  parties.  Now  all  is  changed.  To  gratify 
the  caprice  of  a  few  men,  who  wished  to  enhance  their  acreage  of 
land,  a  ditch  was  dredged  through  the  gravel  ridge  and  the  marsh 
beyond,  and  ^^High  Lake"  was  converted  into  a  low  mud-hole.  The 
fish  and  bivalve  shells  are  dead  or  dying.  Rank  weeds  and  aquatic 
rushes  and  cat-tails  are  rising  over  the  marsh  and  sand  bars  which 
were  formerly  covered  with  clear,  pure  water.  Mud  and  ooze,  black, 
slimy,  disgusting  to  the  sense  of  sight  and  smell,  is  everywhere  about 
the  margins.  Like  hundreds  of  others  of  the  fairer  bodies  of  Indi- 
ana's inland  waters,  it  has  yielded  forever  its  natural  beauty  to  the 
devastating  hand  of  man. 

In  1893,  Dr.  Dryer  wrote  of  High  Lake  as  follows:  ^TEt  is  inter- 
esting from  the  fact  that  its  basin  seems  to  belong  to  a  type  hitherto 
undescribed  in  Indiana.  The  western  half  of  section  7,  Noble  Town- 
ship, is  occupied  by  a  series  of  sand  ridges,  perhaps  20  feet  high, 
extending  north  and  south.  At  the  north  end  of  High  Lake  they 
divide  into  two  branches  which  follow  the  east  and  west  shores  re- 
spectively. Thus  the  lake  basin  lies  between  the  arms  of  the  Y  in  a 
space  which  is  nearly  closed  up  by  a  cross  ridge  along  the  south  shore. 
These  ridges  are  generally  of  moderate  slope  and  from  20  to  40  feet 
above  the  lake,  composed  chiefly  of  sand;  but  at  the  point  on  the 
east  side,  where  the  outlet  leaves  the  lake,  the  ridge  is  not  more 
than  three  feet  high  and  composed  almost  entirely  of  small,  angular 
boulders.  At  this  point  it  was  first  observed  and  was  mistaken  for 
a  beach  ridge.    A  few  excavations  in  the  higher  part  of  the  ridge 
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show  yellow  sand  intermingled  with  angular  stones  from  the  size 
of  a  man^s  fist  to  the  size  of  his  head.  We  evidently  have  here  a 
specimen  of  the  kames  or  eskers  which  are  so  nnmerons  in  other  por- 
tions of  the  great  morainic  belt  of  North  America."* 

In  its  original  condition  the  water  area  of  High  Lake  was  about 
one  mile  long  by  one-qnarter  to  one-half  a  mile  wide  and  with  an 
area  of  250  or  more  acres.  The  maximum  depth  of  water  was  30 
feet.  The  bench  of  shallow  water  along  the  east  side  of  the  lake 
was  very  broad  and  near  the  bend  in  the  lake  extended  out  so  that 
it  was  possible  to  wade  fully  one-third  of  the  distance  across.  It  is 
highly  probable  that  High  and  Bear  Lakes  at  one  time  formed  one 
unbroken  sheet  of  water,  being  connected  around  the  south  end  of 
the  sand  ridge  at  (N). 

In  October,  1900,  no  water  above  22  feet  in  depth  was  found  in 
what  was  left  of  the  lake  and  three-fourths  of  the  remaining  water 
area  was  less  than  12  feet  deep,  while  it  was  everywhere  thickly 
turbid  with  the  sediment  of  decaying  algae  and  other  organic  matter. 
On  the  south  side  between  (P)  and  (0)  are  wooded  hills  rising  25 
to  40  feet  above  the  former  lake  level.  The  water  adjoining  these 
hills  has  been  reduced  to  a  narrow  morass,  20  rods  wide,  bordered  on' 
the  north  by  the  former  bed  of  the  lake,  the  surface  of  which  is 
gravel  and  sand.  A  large  portion  of  the  former  water  area  opposite 
the  shore  between  (0)  and  (Q)  has  become  a  marsh  covered  with  cat- 
tails. On  the  west  shore  between  (R)  and  (S)  a  ridge  of  sand,  10  rods 
wide  and  thickly  covered  with  boulders,  has  been  brought  to  the 
surface.  Over  this  were  the  scattered  remains  of  many  fishes  and 
shells.  One  of  the  accompanying  illustrations  shows  this  ridge  and 
gives  a  good  idea  of  the  nature  of  the  former  bottom  of  this  portion 
of  the  lake. 

Marl. — No  trace  of  marl  was  found  by  any  of  the  bores  put  down 
on  High  Lake.  Along  the  entire  eastern  shore  between  (K)  and  (N) 
the  bottom,  for  250  and  more  feet  out,  was  of  sand  before  the  lake 
was  lowered.  Much  of  this  former  sand  bottom  is  now  dry  land. 
The  southeastern  lobe  and  the  shallow  water  adjoining  the  entire 
southern  and  western  shores  is  underlain  with  muck  from  10  to  18+ 
feet  in  depth.  A  tamarack  swamp  occupies  much  of  the  former 
shore  between  (K)  and  the  section  corners.  But  little  tillable  land 
was  reclaimed  by  the  draining  of  High  Lake  and  it  would  be  far 
better  to  fill  up  the  ditch  and  allow  its  basin  to  refill  than  to  leave 
it  as  it  is  now,  a  pest-breeding  spot  of  muck  and  mud. 

*  Loc.  cit.,p.27. 
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(b)   Pnnot  beBch  on  wast  aids  of  lkk«,  lotmttlj  cotarad  with  water :  n  porKan  of  tba  ksm* 

or  •ikei  maotionad  in  tait. 
(b)    Pnrtiouof  eekarulBDd.aiidetTgtohof  mnd  flit  beyond:  both  farmarlraoTaradnitb  water. 


IiAESe  AND  KAHL  DBFOBITS  OF  NOSTHEBM  IHDIAltA.. 


TIPPBOANOB  LAKB. 


Not  a  Worsablb  Dxpoerr. 

This,  the  largest  lake  in  Noble  Gonnty,  lies  in  eectioiis  S8,  29,  33 
and  33  (33  north,  9  east),  in  the  extreme  southern  part  of  the  county. 
It  has  a  length  of  nearly  one  and  one-half  miles  and  a  width  of  over 
one-half  a  raile.  As  a  rule  the  shores  seem  to  show  rather  broad 
areas  of  shallow  water,  the  width  from  shore  being,  however, 
rather  variable.  The  shores  of  the  lake  are  low,  except  upon 
the  south,  where  a  wooded  bluff  rises  25  to  40  feet  above  the  water 
level.  This  and  adjoining  lakes  form  the  extreme  head-waters  of 
Tippecanoe  River,  one  of  the  most  picturesque  streams  of  Indiana. 

Dr.  P.  H.  Kirsch  reports*  the  following  fishes  as  having  been 
taken  in  the  lake: 

Lejntoslaa  ottetu  (L.).     Common  Qar-pike. 

Ammirvt  ne&u/oHUS  (Le  S.).     Commoa  Bullhead. 

Pim^phalee  notatiu  (Raf.).     BluDt-noaed  Minnow. 

Oaregoma  arledi  tUco  (Jot.).     Cisoo. 

ZyganeeUs  nctatut  (Raf.).     Top  Minnow. 

Lucius  vermiadatiu  (Le  S.).     Grass  Pike. 

ChmnobryUTU  gidosvx  (Cuv.  and  Val).      War-mouth, 

Lepomig  pallidui  (Mitch.).     Blue-gill. 

Mieroptenu  salmoidea  (Lac^pMe).     Largo-mouthed  Black  Ban. 

Perca  flaveiemt  (Mitch.).     Ringed  Perch;  Yellow  Perch. 


Uftp  of  TtppaD&noe  Lake,  Nobl*  Caantf,  Ind. 


Marl. — The  marl  deposits  of  Tippecanoe  Lake  are  irregularly  dis- 
tributed.    Along  the  east  and  northeast  sides  the  shore  tends  to 

•Bull.  U.  8.  Flih  Cammiiiton.lm,  p.  40. 
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show  a  hard  sandy  hottom  of  some  width  with  marl  in  only  a  few 
places,  and  then  generally  in  water  eight  or  more  feet  deep.  (ME 
from  (M)  the  marl  extended  helow  16-foot  drill  in  nine  feet  of  water. 
Southeast  of  (L)  heneath  12  feet  of  water  only  muck  was  founds 
though  beneath  eight  feet  of  water  near  this  eight  feet  of  marl  oc- 
curs. Off  from  (J)  and  (K)  only  muck  having  a  depth  of  13  feet  and 
over  occurs  in  shallow  water,  but  out  in  seven  to  nine  feet  of  water 
the  bottom  of  marl  could  not  be  reached.  Out  from  (H)  the  marl 
was  thin,  only  four  feet  being  found  in  seven  feet  of  water.  At  the 
western  end  of  the  lake  the  water  is  shallow  over  a  large  area,  run- 
ning from  three  to  10  feet  deep.  Most  of  the  drillings  in  this  part 
of  the  lake  found  marl  which  in  many  cases  extended  to  below  16 
feet,  but  more  often  was  less  than  eight  feet  thick.  Along  the  west- 
em  half  of  the  south  side  there  is  a  considerable  area  where  the 
water  is  less  than  10  feet  deep  and  where  all  borings  passed  through 
marl  to  below  16  feet.  Some  marl  was  found  in  the  southeast  comer 
of  the  lake,  but  most  of  the  drillings  along  the  eastern  end  of  the 
south  side  found  a  mud  bottom.  While  the  deeper  waters  of  the 
lake  are  doubtless  largely  underlain  with  marl,  the  amount  at  present 
available  in  shallow  water  is  too  small  to  justify  development. 

WHITLEY  COUNTY. 
Reb'erences. — 

1859. — Kichard  Owen,  Geol.  Keconn.  of  Ind.,  p.  216. 

1891. — Dr.  C.  K.  Dryer,  Seventeenth  Ann.  Kep.  Ind.  Dep.  Qeol. 
and  Nat.  Kesources,  p.  160. 

1899. — Frank  Leverett,  Water  Supply  and  Irrigation  Papers,  U. 
S.  Geol.  Surv.,  No.  21,  p.  47. 

1899.— E.  B.  Williamson,  Proc.  Ind.  Acad.  Sci.,  p.  151. 

Whitley  County  is  bounded  on  the  north  by  Noble  County,  on  the 
east  by  Allen,  on  the  south  by  Huntington  and  Wabash  and  on  the 
west  by  Wabash  and  Kosciusko  counties.  It  contains  10  civil  town- 
ships, nine  of  which  correspond  to  the  congressional  townships  and 
contain  3G  square  miles  each;  the  other,  Etna,  in  the  northwest 
corner,  having  but  12  square  miles — a  total  of  338  in  the  county. 
The  county  is  crossed  by  three  railways.  The  Pittsburgh,  Fort 
Wayne  &  Chicago  passes  from  northwest  to  southeast  through  the 
central  portion;  the  Eel  River  Division  of  the  Wabash,  from  north- 
east to  southwest  diagonally  across  the  county,  and  the  New  York, 
Chicago  &  St.  Louis  (Nickel  Plate),  from  east  to  west  through  the 
northern  part  of  the  southern  tier  of  townships.     The  surface  of 
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the  county  lies  between  787  and  948  feet  above  tide,  the  lowest  point 
being  near  Collamer  and  the  highest  near  Larwill.  The  elevation  in 
feet  above  tide  of  the  more  important  railway  stations  in  the  county 
is  as  follows:  Churubusco,  887;  Coesse,  850;  Collamer,  787;  Collins, 
862;  Columbia  City,  838;  Dunfee,  858;  Larwill,  948;  Peabody,  836; 
Taylors,  856;  South  Whitley,  813. 

The  entire  area  of  the  county  is  overlain  with  drift,  the  thickness 
of  which  is  known  in  but  two  places,  viz.,  at  Columbia  City,  where 
it  is  224  feet,  and  at  Larwill,  seven  miles  west,  where  it  is  365 
feet  in  thickness.  That  portion  of  the  surface  lying  east  and  south 
of  Eel  River  is  flat  or  slightly  rolling,  being  a  part  of  the  great  level 
plain  of  east-central  Indiana,  though  occasional  knolls  and  ridges  of 
drift,  especially  in  Cleveland  Township,  give  it  some  diversity.  North 
and  west  of  Eel  River  the  surface  is  much  more  irregular  and  con- 
tains many  deep,  elongated  valleys,  with  sharp,  winding  ridges  inter- 
vening. The  region  drained  by  Blue  River,  comprising  the  north- 
eastern third  of  the  county,  is  less  broken,  but  is  still  typically 
morainic  in  character. 

The  lakes  of  Whitley  County  are  few  in  number  and  are  found 
wholly  in  the  northern  tier  of  townships.  Only  eight  have  an  area 
of  more  than  150  acres  each.  Of  these  seven  were  visited  and  are 
described  in  detail  on  the  pages  which  follow.  Five  of  the  seven  are 
largely  underlain  with  marl,  but  only  two  of  the  deposits  are  deemed 
to  be  workable  under  present  conditions.  These  two  are  distant 
from  transportation  facilities,  so  that  some  time  must  elapse  before 
the  marl  will  be  utilized  for  cement  making. 


BLUE  RIVER  LAKE. 

Large  Deposit,  Mostly  Under  Deep  Water. 

• 

This  lake  lies  two  miles  northwest  of  Churubusco,  in  sections  9, 
10,  15  and  16  (32  north,  10  east).  Smith  Township.  It  is  two  miles 
or  less  from  the  Eel  River  Division  of  the  Wabash  Railway. 

The  lake  is  oblong  in  shape,  narrower  at  the  eastern  end,  about 
one  and  one-quarter  miles  long  by  one-half  mile  in  average  width, 
and  has  an  area  of  about  420  acres.  It  has  a  very  uniform  depjth  of 
40  to  55  feet.  The  area  of  shallow  water  is  of  medium  width,  rather 
broad  on  the  east,  south  and  west  sides,  and  narrower  on  the  north. 
The  shores  at  most  points  are  rather  abrupt,  the  surrounding  country 
being  of  a  rolling  type.  The  lake  receives  its  waters  from  Upper 
Blue  River,  a  small  stream  from  Noble  County,  and  from  springs 
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along  the  sides  and  bottom  of  the  lake.  The  outlet^  Blue  Biyer,  a 
tributary  of  Eel  River,  is  at  the  west  end,  and  only  a  few  rods  from 
the  entrance  of  the  inlet  above  mentioned. 

Blue  River  Lake  is  well  stocked  with  game  and  food  fishes,  the 
large-mouthed  black  bass,  blue-gill,  ringed  perch  and  calico  bass 
being  abundant.  The  following  is  a  list  of  the  fishes  taken  in  the 
lake  in  1892,  by  the  State  Fish  Commissioner,  Mr.  P.  H.  Kirsch: 

List  of  Fishes  Kvowis  to  Ocoijb  in  Blux  Biveb  Lakk. 

1.  Lepisosteus  osseua  (L.).     Common  Oar-pike. 

2.  Amia  ccdva  L.     Dogfish. 

3  Ameiurus  natalis  (Le  8.).     Yellow  Cat. 

4.  Ameiurus  nebvJxmu  (Le  8.).     Common  Bullhead. 

5.  Minytrema  melanopi  (Raf.).     8triped  Sucker. 

6.  Notropis  anogenus  Forbes.     Small-chinned  Minnow. 

7.  Notemigonus  chrysoleueus  (Mitch.).     Golden  Shiner. 

8.  Goregonus  artedi  mco  (Jordan).     Cisco. 

9.  Zyganectes  notatus  (Raf.).     Top  Minnow. 

10.  lAicivs  vermicvlatus  (Le  8.).     Grass  Pike. 

11.  Ponums  8paroufe«  (Lac^pMe).     Calico  Bass. 

12.  Ch<Enobryttu8  gtdostu  (Cuv.  and  V&lenc).     War-mouth. 

13.  LepomU  cyaneUus  Raf.     Green  Sunfish. 

14.  Lepomia  paUidtiB  (Mitch.).     Blue-gill ;  Blue  Sunfish. 

15.  Lepomi8  gibbosm  (L.).     Common  Sunfish. 

16.  Aficropterus  salmoides  (Lac^pdde).     Large-mouthed  Black  Bass. 

17.  Etheodoma  eos  (Jor.  and  Cope.).     Sunrise  Darter. 

18.  Etheostoma  microperca  Jor.  and  Gilb.     Least  Darter. 

19.  Perca  fiavescens  (Mitch.).     Ringed  Perch  ;  Yellow  Perch. 

» 

In  his  report  on  Whitley  County,  Dr.  Dryer  speaks  of  the  mid- 
summer vegetation  about  the  shores  of  this  lake  as  follows: 
"Aquatic  vegetation  in  great  variety  and  profusion  furnishes  a 
botanist's  paradise.  The  shores  are  nearly  surrounded  by  a  broad 
belt  of  plants  arranged  in  distinct  zones,  according  to  the  depth  of 
the  water.  On  approaching  the  shore  the  first  zone  appears  at  depths 
between  eight  and  six  feet,  and  consists  of  the  water-shield,  Brasenia 
purpurea  (Michx.);  pond  weeds  or  Potomogeton,  species  with  filiform 
leaves  being  very  abundant;  several  kinds  of  bladderwort  or  Utri- 
cularia  and  water  millfoil,  Myriophyllum,  At  a  depth  of  four  feet 
the  yellow  pond  lily,  Nupliar  advena,  covers  the  water  with  its  leaves, 
the  spaces  between  being  filled  with  a  dense  mass  of  Chara  covered 
witli  a  mantle  of  duckweed  or  Lemna.  Here  navigation  becomes 
difficult.     At  a  depth  of  three  feet  the  pickerel-weed,  Pontederia 
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cordata  L.  appears  with  the  water  smartweed,  Polygonum  amphibium. 
At  two  feet  the  water  passes  gradually  into  a  jungle  of  swamp  loose- 
strife, Decodon  verticillatus  (L.);  cat-tail,  Typha  latifoUa  L.;  water- 
pepper,  Polygonum  nodosum-,  reed-grass,  Phragmites  communis  Trin., 
and  different  species  of  willow,  Salix,  passable  only  by  birds  and 
reptiles.  This  lake  is  the  only  locality  known  to  the  writer  in  north- 
eastern Indiana  where  the  splendid  American  lotus,  Nelumbo  lutea 
(Willd.)  occurs,  and  here  it  is  as  abundant  as  the  white  water  lily, 
Nympkcea  odorata  Dryand.  Its  flowers  are  diflfieult  to  procure  be- 
cause they  are  gathered  by  numerous  visitors  as  fast  as  they  open, 
but  the  leaves,  rolled  up  and  rocking  like  a  boat,  or  expanded  into 
an  orbicular  shield  twenty  to  thirty  inches  in  diameter  and  flapping 
in  the  wind,  present  an  interesting  and  attractive  sight.  The  water 
of  Blue  River  Lake  in  midsummer  has  the  appearance  of  muddy 
coffee,  and  through  the  whole  season  teems  with  plant  and  animal 
life.  Such  a  lake  as  this  would  repay  a  thorough  and  prolonged 
biological  examination,  and  would  furnish  the  naturalist  with  mate- 
rial enough  for  several  years'  study."* 


Fiff.  34.    Map  of  Blue  River  Lake.  Whitley  County,  Ind. 

Marl. — The  distribution  of  the  mari  in  Blue  Eiver  Lake  is  very 
irregular.  In  places  it  extends  back  some  distance  from  shore,  while 
but  a  short  distance  away  it  is  not  found  until  deep  water  is  reached. 
At  (A)  the  bare  marl  extends  back  some  distance  from  shore,  16 
feet  and  more  deep.  Then  it  begins  to  be  covered  with  sand,  which 
increases  in  depth  toward  the  bluff,  the  last  drilling  showing  two 
feet  of  sand  underiain  by  mari  to  below  16  feet.  Out  in  the  lake 
from  shore,  several  tests  in  one  foot  or  a  little  over  of  water  showed 
over  15  feet  of  mari.     In  two  feet  of  water  the  mari  was  only  11 


*  Loo.  cit.,  p.  166. 
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feet  deep  with  a  blue  mud  bottom.  Then  the  marl  ineteases  in 
depth  again,  but  at  the  same  time  becomes  mucky,  and  the  tests  in 
water  from  three  to  16  feet  deep  showed  only  muck.  How  far  the 
marl  runs  back  under  the  bank  can  only  be  conjectured.  At  the  east 
end  of  the  south  side  of  the  lake,  no  marl  was  found,  the  bottom 
being  sandy.  Several  attempts  to  find  marl  under  the  sand  failed. 
From  (D)  to  (E)  the  bottom  is  hard  sand  or  blue  mud  for  about  50 
feet  out  from  shore  or  in  from  five  to  eight  feet  of  water,  then  for 
25  feet,  or  in  water  from  five  to  15  feet  deep,  the  marl  is  over  16 

feet  thick  and  of  good  quality. 
For  a  short  distance,  at  (F),  25 
feet  from  shore,  the  marl  is  be- 
yond 16  feet  deep  in  three  feet 
of  water.  But  diagonally  out  from 
this  in  six  feet  of  water  only  blue 
mud  is  found.  At  (G)  this  mud 
bottom  extends  up  to  the  shore, 
while  at  (H)  the  top  of  the  mud 
'is  marly.  At  (I)  the  marl  is  one 
foot  deep  at  the  shore  and  the 
same  out  in  one  foot  or  a  little 
over  of  water.  In  three  feet  of 
water  and  from  there  out  the 
bottom  is  sandy.  At  (J)  tests  in 
water  from  two  to  five  feet  deep, 
showed  marl  everywhere  to  be- 
low 16  feet.  Just  north  of  this 
only  muck  was  struck,  then  the 
marl  sets  in  again,  the  bottom 
not  being  reached  in  from  one 
foot  to  seven  feet  of  water.  In 
the  northwest  corner  of  the  lake 
only  muck  was  found.  Then  from  (0)  to  (P)  the  marl  occurs  again, 
running  from  one  foot  deep  in  six  inches  of  water  to  beyond  reach  of 
drill  at  the  six-foot  water-line.  East  of  this  it  is  shallow  again, 
only  one  foot  of  marl  being  found  in  four  feet  of  water.  From  (R) 
to  (V)  the  marl  is  variable,  often  being  absent  close  to  shore  and  in 
places  is  not  over  one  foot  thick  in  10  feet  of  water;  but  generally 
the  marl  is  of  good  depth  in  six  to  10  feet  of  water. 

The  tests  show  that  a  large  body  of  deep  water  marl  occurs  in 
the  lake  which  inav  some  dav  become  available.  The  amount  be- 
neath  shallow  water  is  entirely  too  small  to  be  of  use  at  the  present 
time. 


Fig.  35.  Cross  sections  ohowing  character 
of  deposits  at  various  points  along  shore 
of  Blue  River  Luke.  Whitley  County, 
Ind. 
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ROUND,  CEDAR  AND  SHRINER  LAKES. 
Not  a  Workable  Deposit. 

These  lakes  lie  close  together  in  sections  1,  2,  11  and  12  (32 
north,  9  east),  Thorn  Creek  Township.  They  are  connected  by 
natural  or  artificial  channels  and  hence  will  be  treated  under  one 
general  heading.  The  railway  nearest  them  is  the  Eel  River  Division 
of  the  Wabash,  distant  about  three  and  one-half  miles  to  Ifte  south- 
east. 

ROUND  LAKE. 

This  lake,  which  receives  its  waters  from  the  other  two  and  from 
the  drainage  of  the  neighboring  woods  and  fields,  has  a  length  of 
seven-eighths  of  a  mile  and  a  maximum  width  of  one-half  a  mile. 
Its  shores  on  the  north  and  east  are  rather  thickly  Wooded  and  rise 
20  to  30  feet  above  the  water.  The  south  shore  is  lower  and  bordered 
with  cultivated  fields.  A  long  bay  filled  with  aquatic  vegetation  ex- 
tends out  to  the  northwest.  From  it  an  artificial  channel  connects 
Round  Lake  with  Shriner  Lake.  The  inlet  from  Cedar  Lake  is 
through  a  marsh  grown  up  with  cat-tail  flag,  Typha  latifolia  L., 
button-bush,  Cephalanthus  occidentalis  L.,  swamp  loosestrife,  Decodon 
veriicillatus  (L.),  and  a  variety  of  other  aquatic  plants,  with  occasional 
stretches  of  open  water.  It  enters  the  north  side  of  Round  Lake, 
while  the  outlet.  Thorn  Creek,  a  tributary  of  Blue  River,  leaves  the 
south  side.  Thorn  Creek  has  been  dredged  for  some  distance,  thus 
materially  lowering  the  water  area  of  the  lake.  As  a  result,  a  number 
of  long  points  project  out  under  the  water  and  there  is  a  large  area 
of  shallow  water  in  the  western  third  of  its  basin.  "Lowering  the 
lake  five  feet  more  will  fill  it  with  sand  bars  or  even  reduce  it  to  a 
number  of  ponds.  An  extensive  tract  near  the  head  of  Thorn  Creek, 
which  five  years  ago  was  a  swamp,  is  now  under  cultivation.  Among 
the  farmers  of  the  neighborhood  the  practice  is  common  of  planting 
artichoke  among  the  spatterdock  where  the  lowering  of  the  lake  has 
exposed  the  land.  In  the  fall  this  is  turned  over  to  hogs  and  their 
persistent  rooting  in  the  soft  earth  pulverizes  and  dries  the  soil  most 

effectuallv."* 

In  October,  1900,  a  series  of  soundings,  about  10  rods  apart,  be- 
ginning at  the  eastern  edge  of  shallow  water  on  the  west  side  and 
running  east,  a  little  ?iouth  of  the  middle  of  the  lake,  showed  the 
depth  of  the  water  to  be  respectively:  18,  12,  28,  25,  26,  32  and  17 


*  WilUamion,  loc.  cit.,  p.  153. 
10-~GeoI. 
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feet.  Another  line  running  across  from  (M)  to  (C)  gave  17,  22,  38, 
48,  51,  54,  57  and  32  feet. 

The  vegetation  about  Bound  Lake  is  very  rank.  The  spatterdock, 
Nuphar  advena  R.  Bv.,  is  very  common,  filling  most  of  the  bays  and 
bordering  the  shores  in  many  places.  In  the  region  of  the  second 
sounding,  in  the  first  series  given  above,  a  species  of  pondweed*  was 
abundant,  its  fruiting  head  above  the  surface,  its  roots  in  the  marl 
12  feet  below.  Other  species  of  pondweed  are  very  common.  Mr.  C. 
C.  Deam,  of  Bluffton,  has  found  the  reversed  bladderwort,  Utricularia 
resupinata  Greene,  growing  along  the  western  shore.  The  greater 
bladderwort,  U.  vulgaris  L.,  is  abundant,  and  eel  grass,  Vallisneria 
spiralis  L.,  horn  wort,  Ceratophyllum  demersum  L.,  several  species 
of  water-mill  foil,  Myriophyllunty  and  the  stiff  white  water  crowfoot, 
Bairachium  tricophyllum  (Chaix.),  cover  the  bottom  of  the  more 
shallow  portions  of  the  lake. 

The  number  of  fishes  in  Eoimd  Lake  is  greater  than  in  either  of  its 
neighbors,  as  is  evinced  by  the  following  list  of  those  taken  in  the 
three  lakes  in  1892  by  Mr.  Kirsch: 

List  of  Fishes  Known  to  Occur  in  Round,  Cedar  and  Shriner  Lakes.! 

1.  Lepisosteus  osseus  (L.).     Common  Gar-pike. 

2.  Ameiurys  natalis  (Le  S.).     Yellow  Cat. 

3.  AmeiurfAs  nebvhms  (LeS.).     Common  Bullhead. 

4.  Caioslomus  teres  {}\\Xjch,),     8  mall -scaled  Sucker ;  Black  Sucker. 

Round  Lake  only. 

5.  Erimyzoii  sucetta  (Lac^p^de).     Chub  Sucker;    Sweet  Sucker. 

Round  Lake  only. 

6.  Mirtytrema  melarwps  (Raf.).     Striped  Sucker.     Round  Lake  only. 

7.  Pimephales  notatus  (Raf.).     Blunt-nosed  Minnow. 

8.  Notropis  cayuga  Meek.     Meek's  Minnow. 

9.  Notropis  heterodon  (Cope).     Variable- toothed  Minnow. 

10.  Notropis  megdUyps  (Raf.).     Common  Shiner.     Cedar  and  Round 

lakes. 

11.  Hyhopsis  arnbUyps  {BxS.),     Silver  Chub. 

12.  Coregonus  artedi  sisco  (Jor.).     Cisco.     Shriner  and  Cedar  lakes. 

13.  Zygonedes  notatus  (Raf.).     Top  Minnow.     Shriner  and  Cedar  lakes. 

^This  is  the  white-stemmed  pondweed,  Potamogeion  prselongtu  Wulf.  Another  species 
very  common  in  shallow  water,  where  it  formed  thick  beds  on  the  bottom,  was  P.  robbinni 
Oakes.  It  grows  but  a  foot  or  two  high,  and  when  the  water  is  agitated  the  leaves  spread 
oat  so  that  the  whole  plant  resembles  a  fern.  Both  stem  and  leaves  then  wave  gently  to 
and  fro  in  graceful  motion. 

t  Where  the  species  oceurs  in  all  three  of  the  lakes  no  locality  is  given.  Where  in  bat 
one  or  two  of  them,  they  are  mentioned  specifically. 
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14.  Lucius  vermiculaiua  (Le  8.).     Grass  Pike ;  Little  Pickerel. 

15.  Lahidesthes  siccuhis  Cope.     Brook  Silverside ;  Smelt. 

16.  PomoxM  sparoides  (Lac^pMe).     Calico  Bass. 

17.  GhcBnobryitus  guloms  (Cuv.  and  Valenc).     Warmouth. 

18.  Lepomis  cyandlua  Raf.     Green  Sunfish.     Round  Lake  o&lj. 

19.  Lepomis paUiduB  (Mitch.).     Blue-gill;  Blue  Sunfish. 

20.  Lepomis  euryorus  McKay.      Broad-eared   Sunfish.     Cedar  Oad 

Shriner  lakes. 

21.  Jjepomis  heros  (Baird  and  Girard).     Chain-sided  Sunfish.     Round 

Lake  only. 

22.  Lepomis  gihbosus  (L  ).     Common  Sunfish. 

23.  Micropterus  salmoides  (Lac^p^de).     Large-mouthed  Black  Bass. 

24.  Etheostoma  nigrum  (Raf.).     Johnny  Darter. 

25.  Etheostoma  eos  (Jor.  and  Cope.).     Sunrise  Darter. 

26.  Eifieostoma  mieroperca  Jor.  and  Gilh.     Least  Darter.     Round  Lake 

only. 

27.  Perea  fiavescens  (Mitch.)     Ringed  Perch  ;  Yellow  Perch. 

Mabl. — On  the  two  bars  indicated  at  (G)  and  (I)  the  water  is  shal- 
low, a  foot  or  less  deep,  and  the  marl  from  one  to  four  feet  in  depth, 
while  in  two-and-a-half-foot  water  it  thickens  to  seven  feet.  At  the 
edge  of  deep  water  opposite  (I)  the  marl  had  decreased  to  six  feet  and 
was  \mderlain  with  a  stiff,  blue  mud.  In  12  feet  of  water  it  was  six 
feet  thick  and  underlain  with  gravel.  Along  the  south  shore  between 
(J)  and  (K)  the  shallow  water  area,  for  the  most  part,  overlies  a  good 
quality  of  marl  12+  feet  in  thickness.  Near  (M)  in  three  feet  of  water 
it  was  16+  feet  thick  but  dark  in  color.  At  (A),  across  the  lake,  the 
same  conditions  exist,  and  at  (B)  there  is  too  much  muck  to  render 
the  deposit  of  value.  Good  marl  sets  in  again  to  the  westward,  and 
is  everywhere  15+  feet  thick  in  three  feet  of  water.  The  shallow 
water  area  west  of  (C)  widens  greatly  and  is  in  most  places,  except 
within  five  rods  of  shore,  underlain  with  marl  below  reach  of  18-foot 
drill,  though  the  water  was  seldom  over  18  inches  in  depth.  Close 
to  shore  the  thickness  of  the  marl  is  variable,  running  from  three  to 
11  feet.  The  tests  show  that  probably  one-half  of  the  area  of  the 
lake  is  underlain  with  marl.  It  is,  however,  variable  in  quality,  much 
of  that  along  the  east  end  merging  gradually  into  muck. 

CE9AB  LAKE. 

This  lake  lies  just  northwest  of  Round  Lake  and  empties  into  the 
latter  through  a  broad,  weedy  channel.  Cedar  Lake  is  nearly  divided 
into  two  unequal  lobes,  at  the  crossing  of  the  north-south  section 
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line.  The  upper  and  larger  lobe  is  about  one  mile  long  by  one- 
quarter  of  a  mile  wide^  with  its  main  axis  lying  northwest  and  south- 
east. From  its  western  side  a  short  arm,  now  choked  with  vegetation^ 
protrudes.  The  center  of  its  basin  shows  a  depth  of  water  ranging 
from  45  to  79  feet.  The  lower  lobe  is  but  about  one-third  the  size  of 
the  upper  and  is  quite  shallow.  The  shores  of  the  entire  lake  are 
covered  with  underbrush,  due  to  the  fact  that  its  level  was  raised  by 
a  dam  at  the  same  time  that  that  of  Shriner  Lake  was  lowered.  The 
shallow  water  area  thus  gained  in  the  lower  lobe  is  in  part  filled  with 
muck  and  bears  much  aquatic  vegetation,  the  spatterdock  or  yellow 
water  lily  being  especially  abundant.  There  are  also  many  tree 
trunks  and  fallen  limbs  near  the  shore,  which  detract  much  from  the 
original  natural  beauty  of  the  lake. 

Marl. — At  most  points  around  the  lake  the  marl  is  shallow  within 
the  six-foot  water  line.  Thus  at  (A)  no  marl  is  found  in  one  or  two 
feet  of  water,  but  in  three  feet  or  more  of  water  the  marl  extends 
to  below  16  feet.  From  (B)  to  (C)  the  marl  is  only  six  feet  deep  in 
seven  feet  of  water,  four  feet  in  four  feet  of  water,  etc.,  the  shallow 
water  area  being  very  narrow.  From  (D)  to  (E)  the  marl  is  deeper, 
being  over  12  feet  deep  in  four  feet  of  water,  and  to  below  reach  of 
drill  at  all  depths  beyond.  From  (E)  to  (G)  some  of  the  depths  of 
marl  found  were  as  follows: 

Water  4  feet— marl  8  inches  to  3  feet. 
Water  6  feet— marl  3  feet. 
Water  7  feet— marl  7  feet. 
Water  8  feet— marl  7  feet. 

From  (H)  to  (K)  the  marl  is  somewhat  deeper,  just  about  reach- 
ing 10  feet  on  the  six-foot  water  line  and  extending  below  pole  in  all 
deeper  water.  At  (L)  only  muck  was  found.  Off  the  point  at  (M) 
the  marl  is  over  15  feet  deep  in  one  foot  of  water  at  75  feet  from 
shore.  From  (N)  to  (P)  in  four  and  five  feet  of  water,  it  runs  from 
four  to  10  feet  in  depth.  Around  most  of  the  lake  the  area  of 
shallow  water  is  very  narrow. 

8HR1NER   LAKE. 

This  is  one  of  the  prettiest  bodies  of  water  in  Indiana.  Long  and 
narrow,  it  lies  like  a  priceless  emerald  of  palest  green,  hidden  and 
guarded  by  the  surrounding  hills.  Its  basin  is  in  shape  a  deep  trough 
or  V,  somewhat  curved,  one  and  one-quarter  miles  long  by  less  than 
one-quarter  mile  wide  in  average  width.  In  most  places  the  water 
is  shallow  for  only  a  few  yards,  or  even  feet  from  the  shore  line, 
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when  the  bottom  suddenly  descends  at  a  sharp  angle  to  a  depths  in 
some  places,  of  65  or  more  feet.  A  small  stream,  dry  most  of  the 
year,  enters  the  lake  at  its  southwestern  comer;  but  springs  are 
almost  the  entire  source  of  water  supply,  hence  the  clearness  and 
purity  of  its  depths.  Back  from  the  water  line  the  shores  rise  in 
low  bluffs,  which  are  covered  with  oak,  maple  and  beech  timber.  A 
few  sycamores  and  cotton-woods  grow  near  the  water's  edge.  Around 
the  northern  lobe  of  the  lake  the  shores  have,  for  the  most  part,  been 
cleared,  and  are  cultivated  in  places,  within  75  feet  of  the  water's 
edge. 
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Fiff.  36.    Map  of  C«dar,  Roand  and  Shriner  Lakeii  Whitley  Coanty,  Ind. 

A  number  of  soundings  were  taken  in  Shriner  Lake  on  October 
3d,  1900.  In  the  southeast  comer,  at  the  boat  landing,  the  water 
was  six  feet  deep  20  feet  from  shore;  30  feet  out  it  was  18  feet,  and 
100  feet  out,  42  feet  in  depth.  Forty  rods  west,  on  the  south  shore 
at  (A),  the  shallow  water  area  is  less  than  20  feet  wide,  then  dips 
down  at  an  angle  greater  than  that  of  a  steep  house  roof.  The 
bottom,  where  it  could  be  reached,  was  of  a  very  tenacious  blue  mud, 
from  which  the  auger,  when  sunk  with  difl&culty  about  a  foot, 
could  hardly  be  removed.  Ten  feet  from  shore  the  water  was  eight 
feet  deep.  Three  oar-strokes  out  it  was  21  feet  and  70  feet  out  was  32 
feet.  A  line  of  soundings  50  feet  apart  from  here  across  to  (B) 
found  the  following  depths:  45,  63,  65,  40,  27  and  8  feet,  the  last  a 
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boat* 8  length  from  the  north  shore.  Here  the  bottom  was  of  marl 
six  feet  thick,  with  gravel  beneath.  At  the  bend,  where  the  basin 
of  the  lake  turns  northward,  a  row  of  soundings  from  (C)  to  (D),  76 
feet  apart,  resulted  as  follows:  48,  52,  50,  66,  60  and  34  feet.  At 
this  point  the  west  shore  is  of  gravel  or  sand,  with  but  little  vegeta- 
tion. Sixty  feet  back  from  the  water  the  wooded  gravel  hills  rise 
25  feet  or  more.  Rowing  40  rods  north  along  the  gravelly  west 
shore,  another  line,  10  oar-strokes  apart,  from  east  to  west,  showed 
28,  51,  66,  62  and  26  feet.  The  shore  on  the  east  is  here  bordered  by 
a  marshy  area,  three  to  six  rods  wide,  in  which  rushes,  spatterdock 
and  the  green  arrow-arum,  Peltandra  virginica  (L.),  flourish  in  pro- 
fusion. The  muck  is  here  12  feet  deep  in  three-foot  water,  but  at 
the  water's  edge  the  bottom  is  of  a  stiff  blue  mud.  Just  above  this 
the  lake  narrows  somewhat  and  then  expands  into  a  wider  basin 
which  comprises  about  one-quarter  its  area.  Soundings  near  the 
center  of  this  lobe  showed  the  depth  to  range  from  32  to  46  feet. 
Along  the  west  shore  of  this  basin  the  three-foot  water  line  is  under- 
lain with  12  feet  or  more  of  muck,  with  gravel  beneath. 

In  Shriner  Lake  and  its  neighbors.  Round  and  Cedar  lakes,  are 
found  growing  in  profusion  many  species  of  water-loving  plants. 
Mr.  C.  C.  Deam,  of  Bluffton,  has  taken  there  in  August  and  Sep- 
tember, the  following  species,  all  of  which  are  aquatic,  i.  e.,  grow 
partly  or  wholly  in  the  water: 

List  of  Plants  Growing  in  Round,  Cedar  and  Shriner  Lakes. 

Typha  latifolia  L.     Broad-leaved  Cat-tail. 
Potomogeton,  four  species.     Pond  weeds. 
Sagittaria  rigidi  Pursb.     Stiff  Arrow-bead. 
Zizania  aguatica  L.     Wild  Rice. 
Homalocenchrus  oryzaides  (L.).     Rice  Cut-grass. 
Oyperus  engdmanni  Steud.     Engelmann's  Sedge. 
Cypertis  rimdaris  Kuntb.     River  Sedge. 
IhdiMum  arundinaceiim  (L.). 
EleoeharU  irUerstinda  (Vabl.).     Knotted  Spike-rush. 
Eleoeharis  mutata  (L.).     Quadrangular  Spike-rusb. 
Scirpiis  americanus  Pers.     Chairmaker's  Rush. 
Sdrpus  atrovirens  Muhl.     Dark-green  Bulrush. 
Sdrpus  lacustris  L.     Great  Bulrush ;  Mat  Rush. 
Sdrpus  lineatus  Michx.     Reddish  Bulrush. 
Bhynchospora  glomercUa  (L.). 
Qadinm  mariscoides  (Muhl.).     Twig- rush. 
Garex  lupuLiformis  Bartwell. 
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Carex  eomosa  Boott.     Bristly  Sedge. 

EriocauUm  septangvlare  With.     Beven-aDgled  Pipewort. 

Pontederia  cordata  L.     Pickerel-weed. 

Juncus  canadenm  Oay.     Canada  Rush. 

Rumex  vertidUatm  L.     Swamp  Dock. 

Polygonum  incamatum  Ell.     Slender  Pink  Smartweed. 

Polygonum  punelatum  £11.     Water  Smartweed. 

Polygonum  mgittatum  L.     Arrow-leaved  Tear-thumb. 

Brasenia  purpurea  (Michx.).     Water-shield. 

NymphcM  advena  Soland.     Large  Yellow  Pond  Lily. 

Cadalia  odorata  (Dryand).     White  Water  Lily. 

Batrachium  trichophyllum  (Chaix.).     Stiff  White  Water  Crowfoot. 

Deeodon  vertieilUstus  (L.).     Swamp  Loosestrife. 

MyriophyUum,  one  species.     Water  Millfoil. 

Oicuta  bulhifera  L.     Bulb-bearing  Water-hemlock. 

CictUa  maculaia  L.     Water-hemlock. 

Lycopvs  rubellv^  Moench.     Water  Hoarhound. 

Mentha  piperita  L.     Peppermint. 

Chrardia  paupercula  (Gray).     Small-flowered  Oerardia. 

Utricularia  resupinaia  Oreene.     Keversed  Bladderwort. 

Utricidaria  vidgaris  L.     Greater  Bladderwort. 

Cephalanthus  oceidentalis  L.     Button-bush;  Globe-flower. 

Lobelia  cardinalis  L.     Cardinal  Flower. 

Bidens  heeldi  Torry.     Water  Marigold. 

Bidens  trichospenna  (Michx.).     Tall  Tiokseed  Sunflower. 

Mabl. — On  account  of  its  deep  shelving  basin  but  little  marl  oc- 
curs around  the  margin  of  Shriner  Lake.  In  the  southeastern  end 
near  the  boat  landing  there  is  a  deposit  six  feet  thick  in  two  feet  of 
water,  and  12+  feet  thick  in  six  feet  of  water,  but  it  is  dark  in  color. 
Between  (B)  and  (C)  a  better  quality  is  found  which  is  six  feet 
thick  in  eight  feet  of  water,  but  the  bottom  dips  so  rapidly  that  but 
little  of  it  is  available.  Opposite  (E),  about  half  way  the  length  of 
the  east  shore,  there  is  an  acre  or  two  of  shallow  water,  in  which  the 
marl  is  15  feet  thick  in  two-foot  water  and  eight  feet  thick  in  one- 
foot  water,  with  blue  mud  beneath.  In  the  northwestern  corner, 
at  (F),  there  is  a  small  area  with  marl  bottom  nine  to  12  feet  in  thick- 
ness, in  two  to  five  feet  of  water.  At  all  other  points  examined  the 
bottom  was  of  gravel,  sand  or  muck. 

There  is,  without  doubt,  quite  an  extensive  deposit  of  marl  beneath 
the  deep  water  areas  of  Cedar  and  Round  lakes,  but  that  in  Shriner 
Lake  is  evidently  limited  in  extent.  The  deposit  beneath  the  three 
lakes,  considered  as  a  whole,  is  not  believed  to  be  of  sufficient  im- 
portance to  attract  capital  for  cement  making. 
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CROOKED  LAKB. 
WoBKABLE  Deposit,  Pabtly  Ubdsr  Deep  Water. 

The  east  end  of  Crooked  Lake  is  only  a  little  over  a  quarter  of  a 
mile  from  the  west  ends  of  Cedar  and  Shriner  lakes^  but  is  separated 
from  them  by  the  water-shed  or  divide  between  the  basins  of  Eel 
and  Tippecanoe  rivers.  This  divide  is  a  ridge  about  a  fourth  of  a 
mile  wide  and  25  or  30  feqt  high.  The  lake  lies  in  section  33  (33 
north,  9  east),  Noble  Township,  Noble  County,  and  sections  3  and  4 
(32  north,  9  east).  Thorn  Creek  Township,  Whitley  County.    It  is 
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Fig.  37.    Map  of  Crookei  Lake,  Whitley  Coanty,  Ind. 


very  irregular  in  shape,  as  it  grows  very  narrow  at  each  end,  while 
a  prominent  point  from  the  southwest  partly  divides  the  main  body 
into  two  irregular  lobes.  In  size  it  is  about  one  and  one-quarter  miles 
long  with  a  width  varying  from  a  few  rods  to  over  half  a  mile,  its 
main  axis  lying  southeast  and  northwest. 

The  basin  of  Crooked  Lake  is  very  deep,  a  sounding  of  107  feet 
having  been  taken  near  its  center.  Two  submerged  bars  and  a  low 
island  indicate  a  considerable  area  of  fairly  shallow  water.  The 
shallow  water  along  the  shore  is  generally  narrow  on  the  east  side  and 
around  much  of  the  eastern  part  of  the  main  body  of  the  lake. 
Along  the  western  shore  of  the  northwestern  basin  the  shallow  water 
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bench  is  very  irregular  but  with  a  good  average  breadth  over  the 
most  of  which  the  water  is  only  a  foot  or  less  deep.  The  banks 
around  the  lake  rise  rather  abruptly  20  to  30  feet,  with  rolling 
ground  back  from  their  crest. 

The  lake  is  well  stocked  with  fish,  among  the  larger  of  which  may 
be  mentioned  the  long-nosed  gar-pike,  cisco  or  lake  herring,  grass- 
pike,  calico  bass,  blue-gill,  large-mouthed  black  bass  and  ringed 
perch.  The  lake  forms  the  headwaters  of  the  Tippecanoe  Eiver 
which,  by  a  very  circuitous  course,  finds  its  way  into  the  Wabash 
near  Lafayette. 

Mabl. — Tests  near  the  outlet  of  the  lake  at  (A)  showed  three 
feet  of  marl  in  one  foot  of  water,  over  14  feet  in  two  feet  of  water, 
and  bottom  not  reached  at  greater  depths.  Toward  (B)  the  marl  in 
two  feet  of  water  ranged  from  eight  to  over  14  feet.  The  small  shoal 
at  the  entrance  to  the  western  tongue  has  only  about  one  foot  of 
water  over  it  and  more  than  15  feet  of  marl  beneath.  Prom  (C)  to 
(D)  the  marl  is  irregular,  the  three-foot  water  line  varying  from  20 
to  100  feet  from  shore,  and  the  marl  from  four  feet  to  13+  feet,  the 
best  being  near  the  bend  in  shore,  about  half  way  between  the  two 
points.  From  (D)  to  (E)  the  shallow  water  is  very  narrow,  in  places 
the  six-foot  water  line  coining  within  20  feet  of  shore.  The  marl 
runs  from  fair  to  good  in  thickness.  At  (F)  the  marl  is  four  feet 
thick  in  four  feet  of  water  and  five  feet  in  eight  feet  of  water,  100 
feet  from  shore.  Towards  (G)  the  marl  gets  thicker,  until  10  feet 
deep  in  two  feet  of  water.  On  the  shoal  between  (G)  and  (H)  it 
extends  to  below  16  feet.  At  (H)  the  marl  is  mucky.  From  (H)  to 
(M)  the  marl  extends  to  below  16  feet  at  every  point  tested,  including 
the  island.  Much  of  the  shallow  water  area  is  broad  and  has  only  a 
foot  or  less  of  water  over  it,  so  that  a  large  area  of  available  marl  is 
present  along  this  shore.  There  is  no  doubt  but  that  the  greater 
part,  if  not  all,  of  the  deep  water  of  this  lake  is  underlain  with  a  thick 
marl  deposit.  By  lowering  the  water  five  to  eight  feet,  a  suiBBcient 
supply  could  be  added  to  that  already  available  to  last  a  large  cement 
factory  for  many  years.  We  would  not  advise  such  a  course,  however, 
as  under  its  present  conditions,  the  lake  is  far  more  valuable  to 
mankind  at  large  than  it  would  be  were  much  of  its  present  water 
area  turned  into  mud  flats.  Then  only  a  few  manufacturers  would 
derive  a  benefit  from  its  marshy  shores.  Now  the  angler  and  the 
sportsman  from  far  and  wide  can  seek  health  and  pleasure  o'er  its 
watery  expanse. 
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LOON  LAKE. 


Workable  Deposit,  Partly  Under  Deep  Water. 


Two  years  ago  this  was  one  of  the  most  beautiful  sheets  of  water 
in  northern  Indiana.  To-day  it  is  a  mud  hole — a  pond  surrounded 
by  wide  margins  of  ill-smelling  muck  and  marl.  Then  its  clear 
waters  rippled  against  the  shelving  banks  almost  at  the  very 
thresholds  of  the  many  summer  cottages  in  the  beautiful  wooded 
grove  on  the  south  and  east  shores.    Now  a  barren  waste  of  gravelly 

or  marly  beach,  85  paces  wide  and 
in  part  o'ergrown  with  noisome 
weeds,  intervenes  between  the  cot^ 
tages  and  the  edge  of  the  water, 
while  the  latter  is  not  over  two 
feet  deep  for  10  rods  or  more  far- 
ther out.  There  are  weeds  enough 
on  earth  and  places  sufficient  for 
their  growth  without  changing  a 
clear  watery  expense,  like  that 
formerly  existing  here,  into  a  bar- 
ren, weed  producing  waste.  Yet 
the  average  human,  who  sees  no 
beauty  in  such  spots  as  was  Loon 
Lake — who  is  possessed  only  of 
the  desire  to  conquer  and  hold  in 
thralldom  more  of  the  acres  of 
our  mother  earth,  goes  on  with  his 
dredging  and  his  ditching,  and  will 
so  continue  until  all  of  nature's 
beauty  spots  are  gone,  and  only  dreary  weed  patches  and  cultivated 
fields  remain. 

The  basin  of  Loon  Lake  lies  nine  miles  northwest  of  Columbia 
City,  and  is  partly  in  Noble  and  partly  in  Whitley  County.  That 
portion  in  Noble  County  lies  in  section  31  (33  north,  9  east),  Noble 
Township.  That  part  in  Whitley  County  lies  in  section  36  (33  north, 
8  east),  Etna  Township;  section  1  (32  north,  8  east),  Troy  Township, 
and  section  6  (32  north,  9  east),  Thorn  Creek  Township.  It  is 
roughly  bottle-shaped  with  a  short  neck  to  the  north  and  has  a  length 
northwest  and  southeast  of  one  and  one-eighth  miles  and  a  width  of 
one-half  mile.  Before  draining  the  water  was  very  clear,  so  that 
objects  at  the  bottom  of  30-fopt  water  could  be  plainly  seen.  The 
maximum  depth  was  102  feet,  just  northwest  of  a  small  but  pretty 


Fig.  38.    Mapof  Loon  Lake,  Whitley 
County, ind. 
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island  near  the  southern  shore.  Between  this  island  and  the  shore 
to  the  south  the  deeper  water  ranged  from  35  to  40  feet,  while  the 
main  body  of  water  north  of  the  island  had  an  average  depth  of  70 
feet.  The  lake  was  fed  by  the  overflow  of  Old  and  New  lakes,  each 
with  an  area  of  about  60  acres,  and  lying  respectively  one-half  mile 
to  the  west  and  southwest.  Numerous  springs  also  welled  up  from 
its  bottom,  their  waters  adding  to  the  clearness  of  its  contents.  Its 
outlet  joined  with  those  of  Tippecanoe  and  Crooked  lakes  to  form  a 
tributary  of  the  Tippecanoe  River.  Since  draining,  in  the  spring  of 
1900,  the  depth  of  water  in  Loon  Lake  has  decreased  12  feet,  leaving 
a  wide  margin  of  the  basin  bare,  and  greatly  increasing  the  shallow 
water  area. 

The  lake  is  well  stocked  with  food  and  game  fishes,  the  following 
15  species  having  been  taken  in  one-half  day  by  Prof.  P.  H.  Kirsch 
during  his  investigations  in  1892: 

List  of  Fishes  Known  to  Oocub  in  Loon  Lake. 

1.  Lepisosteus  osseus  (L.).     Common  Gar-pike. 

2.  Ameiurus  nebulotus  (Lie  S.).     Common  Bullhead. 

3.  Pimephalei  notcUvs  (Raf.).     Blunt-nosed  Minnow. 

4.  Notropis  cayuga  Meek.     Meek's  Minnow. 

5.  NotrapU  heterodon  Cope.     Variable-toothed  Minnow. 

6.  Zygonedes  notatut  (Rtkt).     Top  Minnow. 

7.  Lucius  vermicuUxtus  (Le  S.).     Grass  Pike. 

8.  Lahidedhes  sicctdus  Cope.     Brook  Silverside. 

9.  Chcenobryttus  gtdaeus  (Cuv.  and  Valenc.).     War-mouth. 

10.  Lepomis  paUidus  (M\tch,).     Blue-gill;  Blue  Sunfisb. 

11.  Lepomis  megcdottiB  (Raf.).     Long-eared  8unfish. 

12.  Lepomis  gihboms  (L.).     Common  Sunfisb. 

13.  Micropterus  salmoides  (Lac^pMe).     Large-mouthed  Black  Bass. 

14.  EtheostoTna  caprodes  (RB.f,),     Log  Perch  ;  Hogfish. 

16.     Ferca  flavescens  (Mitch,),     Ringed  Perch ;  Yellow  Perch. 

Marl. — The  investigation  of  the  marl  resources  of  Loon  Lake 
was  made  before  the  draining  took  place  and  the  conditions  then 
found  are  now  greatly  modified.  From  (A)  to  (D)  the  conditions  are 
much  the  same;  the  marl,  which  is  thin  or  wanting  close  to  shore, 
rapidly  increasing  in  depth  until  in  four  or  five  feet  of  water  it 
extends  to  below  16  feet  from  the  surface.  The  line  of  six-foot  water 
runs  from  75  feet  to  100  feet  from  shore.  Toward  (E)  the  shallow 
water  area  gets  broader,  and  tests  near  shore  show  sand  over  the 
marl.    Thus  at  30  feet  from  shore  in  two  feet  of  water  there  is  found 
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one  foot  of  sand  and  seven  feet  of  marl.  In  three  feet  of  water  the 
marl  is  over  13  feet  thick.  Qoing  toward  (F)  the  marl  is  not  so  deep, 
drillings  in  three  feet  of  water  showing  from  three  to  12  feet  of  marl, 
while  one  drilling  in  four  feet  of  water  showed  only  10  feet.  In 
deeper  water  the  marl  is  beyond  end  of  drill.  The  lake  bottom 
around  the  island  appears  to  be  all  gravel  and  a  gravel  bar  covered 
with  small  boulders  extends  some  distance  west  of  the  island.  Along 
the  west  shore  much  the  same  conditions  as  on  the  east  shore  pre- 
vail, until  toward  the  north  end,  where  a  sand  and  mud  shoal  occurs. 
A  stop  of  less  than  a  quarter  of  an  hour  was  made  on  the  south  shore 
of  the  lake  in  October,  1900,  while  enroute  to  a  station  on  the  B.  & 
0.  Kailway.  There  was  no  time  for  tests  with  auger.  Along  this 
shore  the  marl  sets  in  and  forms  the  surface  of  the  drained  area  120 
feet  out  from  the  former  margin.  Over  a  wide  area  along  the  east 
shore  it  also  forms  the  surface.  The  120  or  more  acres  in  Old  and 
New  lakes,  one-half  mile  distant,  are  reported  to  be  wholly  under- 
lain with  a  good  quality  of  marl.  There  is  sufficient  in  the  three 
lakes,  or  for  that  matter  in  Loon  Lake  alone,  to  attract  the  atten- 
tion  of  capital  for  manufacturing  purposes. 

The  quality  of  the  Ijoon  I^ke  marl,  based  upon  chemical  analysis, 
is  fair  only.  In  appearance  it  is  whit^  enough,  and  it  is  more  than 
probable  that  samples  carefully  taken  from  below  the  surface  with 
a  spade  will  show  better,  as  it  is  almost  impossible  to  avoid  mixing 
other  substances  with  it  when  brought  up  from  beneath  water  by 
the  auger.  An  analysis  of  an  average  of  a  number  of  samples  so  ob- 
tained resulted  as  follows: 

Analysis  of  Marl  From  Loon  Lakk. 

Calcium  carbonate  (CaCo.) 82.07 

Magnesium  carbonate  (MgCo,) 2.63 

Calcium  sulphate  (CaSoJ 22 

Ferric  oxide   (FCjO.) 42 

Alumina  (AI3O,) 41 

Insoluble  Inorganic  matter  (silica,  etc.) 5.95 

Organic  matter 6.71 

Total €8.41 
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CEDAR  LAKE. 
Not  a  Workable  Deposit. 

This  lake  lies  in  sections  10  and  11  (32  north,  8  east),  Troy 
Township,  about  eight  miles  northwest  of  Columbia  City  and  three 
miles  southwest  of  Loon  Lake.  It  occupies  a  valley  25  to  40  feet 
lower  than  the  surrounding  country.  The  origiDal  water  area  of 
about  150  acres  has  been  lowered  10  feet  by  a  ditch  and  water  now 
covers  only  about  110  acres.  For  this  reason  the  shallow  water  area 
around  the  margin  is  very  narrow,  and  there  are  wide  beaches  of 
sand  and  muck  which  were  formerly  covered  with  water.  The  main 
body  of  the  lake,  comprising  more  than  three-fourths  of  its  southern 
area,  is  quadrangular  in  shape  with  narrow  bays  extending  out  some 
distance  from  the  southeast  and  southwest  corners.  From  the  north- 
east corner  of  this  main  body  the  north  shore  runs  25  rods  west, 
then  turns  north  to  form  the  narrow  northern  lobe  of  the  lake 
which  has  its  longer  axis  lying  northwest  and  southeast. 

On  the  south  half  of  the  east  shore  the  gravelly  beach  rises  gently 
into  a  level  meadow  about  25  rods  wide,  which  intervenes  between  the 
lake  and  a  wooded  ridge.  The  shore  is  bordered  with  the  rushes 
Scirpus  americanus  Pers.  and  S.  lacustris  L.,  but  the  bottom  of  the 
lake  shelves  off  rapidly,  14  feet  of  water  being  foimd  50  feet  from 
the  margin.  The  northern  half  of  the  east  shore  is  low  and  mucky, 
many  soft  maple  trees  {Acer  saccharinum  L.)  fringing  the  woods 
which  lie  beyond.  The  north  and  northwest  shores  are  bordered  by 
an  extensive  morass,  over  which  the  elbow  brush  or  button  bush, 
Cephalanihu^  occidenialis  L.,  the  winter  berry.  Ilex  verticillata  (L.), 
the  swamp  loosestrife,  Decodon  verticillatus  (L.),  and  several  species 
of  dwarf  willows  and  other  mud-loving  shrubs,  grow  in  such  pro- 
fusion that  one  can  scarcely  force  his  way  among  them.  Beyond 
these  shrubs  is  a  large  tamarack  swamp.  The  margin  of  this  portion 
of  the  lake  is  widely  bordered  with  cat-tails  and  spatterdock,  and  the 
water  evidently  formerly  covered  a  large  area  to  the  northwest.  The 
west  and  south  shores  are,  for  the  most  part,  low,  with  mucky  mar- 
gins. Only  at  one  place,  on  the  south  side  of  a  point  of  land  which 
extends  out  from  the  north  half  of  the  west  shore  does  a  gravelly 
margin  occur.  Here  numerous  boulders  cover  the  surface  for  some 
distance  back  from  the  water^s  edge. 

The  water  of  Cedar  T^ake  is  turbid  and  contains  enormous  quan- 
tities of  the  lower  forms  of  vegetable  organisms.  At  places,  es- 
pecially over  most  of  the  northern  lobe,  the  wake  of  the  moving  boat 
was  bordered  by  a  plainly  visible  line  of  green  slime  composed  of 
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unicellular  plants.  A  row  of  Boundings  about  10  rods  apart,  taken 
from  east  to  west  and  15  rods  south  of  the  north  shore  of  the  main 
body,  showed  the  following  depths:  12,  15,  24,  26  and  32  feet.  Over 
the  greater  portion  of  the  north  lobe  the  depth  ranges  from  12  to 
18  feet.  A  line  of  soundings  from  north  to  south,  25  oar-strokee 
apart,  along  the  eastern  margin  of  the  western  third  of  the  main 
body  of  water  found  the  depths  to  be  respectively  25,  38,  44y  20, 
24,  18  and  40  feet.  Another  line  from  west  to  east,  along  the 
northern  margin  of  the  southern  third  of  the  same  body  gave  40,  71, 
81,  72  and  28  feet.  Two  soundings  near  the  center  gave  83  and  87 
feet,  the  latter  being  the  maximum  depth  found. 

Besides  the  plants  above  mentioned  the  eel  grass,  Vallisneria 
spiralis  L.,  the  white  water  lily,  CasMia  odorata  (Dryand),  the  three- 
squared  rush,  Scirpus  americanus  Pers.,  and  the  green  arrow-arum, 
Peltandra  virginica  (It.)]  occur  in  the  narrow  shallow  water  area, 
around  the  main  body  of  the  lake,  while  the  duckweeds,  Spirodela 
polyrhiza  (L.)  and  Lemna  minor  L.,  and  the  ditch-moss,  Phihiria 
can<idensis  (Michx.),  flourish  in  profusion  in  the  more  shallow  north- 
em  lobe.  Muskrat  houses  were  plentiful  and  their  principal  winter 
food — the  fresh-water  bivalves — were  abundant  in  individuals  but 
not  in  species,  only  Anodonta  grandis  Say,  Unio  luteolus  Lamarck  and 
U.  subrostratus  Say  being  found.  Where  the  rats  feed  upon  the  thin 
shelled  Anodontas  one  valve  is  always  broken,  but  the  valves  of  the 
thicker  shelled  Unios  are  left  intact.  How  the  animal  opens  them 
thus  is,  as  yet,  an  unsolved  problem. 

The  outlet  of  Cedar  Lake  leaves  the  southwest  corner,  and  flows 
westward,  uniting  with  that  from  Robinson  Tjake  on  the  west  line 
of  the  county,  then  northward  into  Ridinger  Lake,  Kosciusko  County, 
and  finally  forms  a  tributary  of  the  Tippecanoe  River. 

Marl. — But  little  marl  was  found  in  Cedar  Lake.  It  is  fed  mainly 
by  small  streams  which  enter  from  the  north,  and  by  the  drainage  of 
the  surrounding  fields,  hence  the  conditions  for  marl  deposition  are 
poor.  Near  the  southeast  corner  a  shallow  water  area  15  rods  wide 
borders  the  south  shore.  Beneath  this,  in  two  to  five  feet  of  water, 
six  feet  of  a  fairly  good  quality  of  marl  occurs  beneath  three  feet  of 
a  mixture  of  muck  and  marl.  The  narrow  shallow  water  area  around 
the  remainder  of  the  lake  was  everywhere  underlain  with  muck 
12+  to  18+  feet  in  thickness  according  to  the  depth  of  the  water, 
except  at  two  points  on  the  north  half  of  the  east  shore  where  a  poor 
quality  of  marl,  12  feet  thick,  occurs  in  four-foot  water  75  feet  from 
shore.  The  marl  is  here  underlain  with  a  stiff  blue  mud,  which  could 
not  be  penetrated  with  the  auger. 
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ELKHART  COUNTY. 
References. — 

1859. — Richard  Owen,  Geol.  Reconn.  of  Ind.,  p.  198. 
1873.— G.  M.  Levette,  Fifth  Ann.  Rep.  Qeol.  Surv.  of  Ind.,  p.  451. 
1899. — Frank  Leverett,  Water  Supply  and  Irrigation  Papers,  No. 
21,  U.  S.  Geol.  Surv.,  p.  23. 

This  county  is  bounded  on  the  north  by  the  State  of  Michigan,  on 
the  east  by  Lagrange  and  Noble  counties,  on  the  south  by  Kosciusko, 
and  on  the  west  by  Marshall  and  St.  Joseph.  It  is  quadrilateral  in 
outline  and  contains  an  area  of  465  square  miles. 

The  county  is  well  supplied  with  railways.  Three  divisions  of  the 
Lake  Shore  &  Michigan  Southern  traverse  its  bounds,  while  the 
Michigan  Division  of  the  "Big  Four"  and  the  Chicago  Division  of 
the  Wabash  pass  entirely  through  it,  the  former  in  a  north  and  south 
direction,  the  latter  east  and  west  along  the  north  border  of  the 
southern  tier  of  toAvnships.  The  Baltimore  &  Ohio  also  cuts  across 
the  southeastern  corner. 

The  St.  Joseph  River  enters  the  county  from  Michigan,  about  six 
miles  west  of  the  northeast  corner  and  flows  in  a  southwest  course 
into  St.  Joseph  County.  At  Elkhart  it  receives  its  principal  tribu- 
tary, the  Elkhart  River,  which  drains  the  southeastern  portion  of  the 
county.  Both  the  St.  Joseph  and  the  Elkhart  are  dammed  in  numer- 
ous places,  and  furnish  cheap  and  excellent  water  power  for  many 
extensive  factories,  especially  at  Goshen  and  Elkhart. 

In  common  with  all  the  counties  in  which  the  lakes  occur,  the 
surface  of  Elkhart  is  wholly  covered  with  drift,  the  thickness  of 
which  is  known  at  three  points,  viz.,  Elkhart,  Goshen  and  New  Paris, 
whore  it  is  respectively  122,  162  and  90  feet.  The  surface  of  this 
drift  is  more  level  than  in  the  counties  to  the  east  and  south,  an  area 
of  about  200  square  miles  in  the  northwestern  and  southeastern 
parts  of  the  county  being  composed  of  extensive  gravel  plains.  The 
uplands  consist  of  till  plains,  with  an  area  of  125  square  miles,  in 
the  southwest  part  of  the  county,  and  of  morainic  belts,  more  broken, 
in  the  southern  and  western  portions.  The  elevation  in  feet  above 
tide  of  some  of  the  more  important  railway  stations  in  the  county 
is  as  follows:  Bristol,  783;  Dunlaps,  747;  Elkhart,  725  to  755; 
Goshen,  796;  Millersburg,  885;  New  Paris,  813;  Vistula,  808.  The 
gravel  plains  in  general  are  below  the  800-foot  level.  The  uplands 
are  mainly  between  800  and  900  feet  above  tide,  though  several  of 
the  higher  points  rise  above  900  feet. 
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The  lakes  of  Elkhart  County  are  few  in  number  and  small  in  size, 
and  are,  with  one  or  two  minor  exceptions,  confined  to  the  civil  town- 
ships of  Osolo  and  Washington,  adjacent  to  the  Michigan  line. 

SIMONTON,  MUD  AND  COOLEY  LAKES. 

-       ■•    .  ^ 

Workable  Deposit. 

The  former  beds  of  these  lakes  occupy  parts  of  sections  13,  14,  15, 
16  and  17  (38  north,  5  east),  Osolo  Township.  They  lie  in  an  east 
and  west  line  with  their  northern  borders  within  one-half  to  three- 
fourths  of  a  mile  of  the  Michigan  boundary.  Simonton  Lake  is 
the  only  one  of  these  which  at  present  contains  a  large  water  area, 
the  other  two  having  been  drained.  On  account  of  their  proximity, 
the  three  are  treated  under  one  heading. 

SIMONTON  LAKE. 

This  lake  lies  about  three  miles  north  of  Elkhart  and  not  far 
from  the  Michigan  line.    Its  longer  axis  is  east  and  west  and  it  has 
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Fif .  39.    Map  of  Simonton  Lake,  Elkhart  County,  Ind. 

a  length  of  one  and  one-half  miles  and  width  of  over  one-hdlf  mile. 
A  large  tongue  of  land  from  the  south,  jutting  out  a  little  east  of 
the  center,  divides  the  lake  into  two  unequal  parts.  When  visited 
in  the  fall  of  1899,  the  eastern  or  smaller  of  these  was  nearly  dry, 
being  in  the  condition  of  a  marsh  with  open  water  channels  too 
shallow  for  a  boat.  This  part  is  sometimes  known  as  "Little  Simon- 
ton."    The  main  body  of  the  lake  has  shores  with  a  fairly  rapid  de- 
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scent.  Some  shallow  water  (four  to  five  feet)  exists  just  east  of  the 
center  of  the  main  part  of  the  lake,  but  the  greater  part  of  its  area 
runs  from  six  to  15  feet  in  depth.  The  outlet  flows  southward  into 
the  St.  Joseph  River. 

Marl. — Marl  is  found  all  around  this  lake  except  from  the  north 
end  of  the  dividing  tongue  of  land  to  the  boathouse  on  the  southwest 
corner.  As  a  rule  the  marl  runs  out  a  short  distance  from  the  shore 
but  quickly  attains  a  good  thickness,  which  is  maintained  out  to  deep 
water.  Little  Simonton  Lake  was  in  the  main  inaccessible;  tests 
made  in  it  as  far  as  it  could  be  entered  from  the  west  showed  16  feet 
of  marl.  In  quality  the  marl  appeared  unusually  white  and  good, 
and  as  tested  by  the  drill  it  seemed  much  more  firm  than  the  average 
deposit. 

MUD  LAKE. 

Before  draining,  the  water  area  of  this  lake  was  about  a  mile  long 
by  three-quarters  of  a  mile  wide.  The  lake  is  now  a  vast  marsh,  the 
water  area  having  been  reduced  to  about  15  acres  which  is  a  mud 
hole,  the  water  averaging  about  three  feet  in  depth.  In  general  the 
surface  is  muck,  which  varies  in  thickness  from  one  to  four  feet. 
Peat  was  found  in  but  two  places,  between  the  muck  and  marl. 
Marsh  grasses  of  various  kinds  formed  the  prevailing  vegetation. 
Around  the  border  of  the  remaining  water  were  many  cat- tails  and 
rushes.  The  remains  of  many  large  bivalve  shells,  mainly  Anodonta 
grandis  Say,  were  scattered  about  the  surface.  The  shells  of  one  or 
two  species  of  Planorhis  were  also  very  abundant. 

The  outlet  of  Mud  liake  formerly  flowed  south  and  united  with 
that  of  Heaton  Lake,  which  lies  about  one  mile  to  the  southeast,  to 
form  a  tributary  of  the  St.  Joseph  River. 

COOLEY  LAKE. 

The  greater  portion  of  the  former  area  of  this  lake  is  now  a  quag- 
mire over  which  no  man  can  pass  in  the  summer  season,  for  he  can 
not  push  a  ])()at  tlirough  the  cat-tails,  spatterdock  and  other  aquatic 
vegetation,  and  if  he  attempted  to  wade  he  would  sink  in  many 
places  up  to  his  arm  pits,  if  not  deeper.  Its  western  end  is  about 
one-third  of  a  mile  east  of  the  former  bed  of  Mud  Lake,  and  its 
south  side  one-half  mile  north  of  Heaton  T^ake,  into  which  its  out- 
let formerlv  flowed.  Between  Mud  and  Cooley  lakes  there  is  a  ridc^e 
of  higher  ground,  part  of  which  is  covered  with  a  dense  growth  of 
tamarack,  swamp  huckleberry,  button  bush  and  other  marsh-loving 
trees  and  shrubs. 
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Marl  Beneath  Mud  and  Cooley  Lakes. — The  Qoshen  Portland 
Cement  Co.  has  purchased  most  of  the  former  area  of  Mud  and 
Cooley  lakes,  and  had  an  accurate  survey  made,  and  many  test  bores 
put  down  to  show  the  thickness  and  distribution  of  the  underlying 
marl.  These  tests  were  made  20  rods  apart  by  digging  a  square  hole 
through  the  muck  to  the  surface  of  the  marl  and  then  taking  the 
depth  of  the  latter.  The  accompanying  map  shows  in  detail  the 
results  of  these  test^. 

In  July,  1900,  Mr.  Blatchley  spent  two  days  on  the  property  and 
verified  most  of  the  tests  made  by  the  representative  of  the  company. 
With  the  assistance  of  Mr.  Josiah  Replogle  72  bores  were  put  down, 
mostly  at  intervals  of  20  rods  and  near  or  in  the  holes  made  by  the 
company.  Of  these  46  were  on  the  former  bed  of  Mud  Lake  and  26 
around  the  margins  of  Cooley  Lake.  Of  those  on  Mud  Lake  14 
showed  a  thickness  of  marl  above  1.5  feet;  10  showed  a  thickness 
ranging  from  seven  to  15  feet;  16  found  marl  between  one  and  seven 
feet,  while  six  found  only  muck. 

Of  the  26  bores  around  Cooley  Lake,  14  found  marl  over  16  feet 
thick;  in  six  the  marl  ranged  from  five  to  15  feet,  while  in  four  it  ran 
from  one  to  five  feet.  But  two  bores  showed  no  marl.  Over  a  large 
portion  of  the  northern  half  of  Cooley  Lake,  the  muck  is  too  thick 
to  justify  the  working  of  the  underlying  marl,  if  any  be  present. 

All  of  the  marl  beneath  Mud  Lake  is  overlain  by  muck,  the  average 
thickness  of  which  is  about  two  feet,  none  of  the  bores  showing  over 
three  feet.  In  Cooley  Lake  the  average  thickness  of  the  muck  over 
the  marl  is  one  and  one-half  feet.  Wherever  the  muck  ran  over 
four  feet,  no  marl  was  found  beneath. 

The  marl  in  Mud  Lake  is  whitish  or  light  yellow  in  color,  while 
that  beneath  Cooley  Lake  is  bluish-gray  when  first  uncovered. 
This  difference  in  color  is  doubtless  largely  due  to  the  dryer  and 
more  compact  form  of  that  beneath  Mud  Lake. 

According  to  the  careful  estimate  of  the  Osbom  Engineering  Co., 
who  made  the  survey  and  tests  for  the  present  owners,  there  is  55,- 
115,400  cubic  feet  of  the  yellow  marl  beneath  the  former  bed  of 
Mud  Lake;  16,380,500  cubic  feet  of  grayish  marl  in  the  marshy  in- 
ter\'al  between  Mud  and  Cooley  lakes,  and  67,238,500  cubic  feet  of 
^T)lue  marl''  beneath  Cooley  Lake.  This  shows  a  total  of  5,150,000 
cubic  yards.  As  each  cubic  yard  will  furnish  carbonate  of  lime  suflSl- 
cient  for  two  barrels  of  Portland  cement,  there  is  marl  enough  on 
the  property  owned  by  the  Goshen  company  to  supply  a  cement  fac- 
tor}' having  an  output  of  1,000  barrels  per  day  for  30  years  or  a  500- 
bjirrel-a-day  factory  for  60  years.    This  estimate  does  not  take  into 
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consideration  the  marl  underlying  Simonton  Lake^  which  can  be 
made  easily  available  by  tramway  from  the  site  on  which  the  company 
proposes  to  erect  its  factory. 

An  analysis  of  an  average  sample  of  the  light  yellow  marl  from 
Mud  Ijake,  made  by  the  Osborn  Engineering  Co.,  of  Cleveland,  0., 
and  submitted  to  the  Goshen  Portland  Cement  Co.,  showed  its  com- 
position to  be  as  follows: 

Calcium  carbonate  (CaCo,) 82.89 

Magnesium  carbonate  (MgCo,) 2.04 

Ferric  oxide  (FeaO.)  and  alumina  (A1,0,) 64 

Insoluble  inorganic  matter  (silica,  etc.) 7.94 

Organic  matter  3.67 

Total 97.18 

An  analysis  of  the  blue  marl  beneath  Cooley  Lake  made  by  the 
same  parties  resulted  as  follows: 

Calcium  carbonate  (CaCo,) 88.21 

Magnesium  carbonate  (MgCo,) 4.78 

Ferric  oxide  (FcaO,)  and  alumina  (A1,0,) 88 

Insoluble  inorganic  matter  (silica,  etc.) 1.42 

Organic  matter 2.58 

Total  97.87 

These  analyses  show  a  good  quality  of  marl  for  cement  making 
purposes.  The  yellow-white  marl  is  lower  in  magnesium  carbonate, 
and  is  probably  better  adapted  for  cement  than  the  other. 

HEATON  LAKE. 
Not  a  Workable  Deposit. 

This  lake  occupies  parts  of  sections  23  and  24  (38  north,  5  east), 
Osolo  Township.  It  lies  one-half  mile  southeast  of  the  old  bed  of 
Coolov  Tjake  and  formerly  received  the  overflow  from  that  body  of 
water.  ITeaton  T^ake  was  ditched  about  1885  and  its  level  lowered 
about  five  feet.  Its  outlet,  in  part  artificial,  empties  into  the  St. 
Joseph  River.  The  extreme  length  of  its  water  area  is  now  about 
threo-quarters  of  a  mile  and  its  greatest  width  80  rods.  The  shallow 
water  along  ilic  sliorcs  is  narrow,  except  on  the  west  and  northwest, 
wliere  great  masses  of  Chara  nearly  reach  the  surface  and  make  the 
jKissage  of  a  row  boat  very  difficult.  The  maximum  depth  is  41  feet, 
Ihougli  tlie  greater  portion  is  between  15  and"  25  feet.  The  shores 
are  every\\^here  low  and  in  most  places  marshy  for  five  rods  back, 
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when  they  rise  gently;  on  the  north  and  east  into  wooded  slopes,  on 
the  south  into  cultivated  fields  or  meadows.  A  vast  marsh  of  cat- 
tails borders  the  west  shore  and  continues  along  the  outlet  for  some 
distance. 

Among  the  fishermen  of  Elkhart,  Heaton  Lake  is  noted  for  its 
bass,  which  reach  a  weight  of  eight  pounds;  its  pickerel,  which  are 
often  caught  up  to  15  pounds,  and  its  buffalo  or  red  horse  of  equal 
or  greater  weight. 


Fif .  i\.    Map  of  Heaton  Lake,  Elkhart  County,  Ind. 

Marl. — But  little  marl  occurs  beneath  the  shallow  water  of  the 
lake.  The  bottom  of  the  entire  eastern  third  is  of  muck  beyond  the 
reach  of  18-foot  auger  in  one  to  seven  feet  of  water.  Along  the 
middle  of  the  north  shore  beneath  five  to  seven-foot  water  the  marl 
is  three  to  six  feet  thick.  On  the  west  shore,  beneath  the  Chara 
above  mentioned,  the  marl  is  but  two  feet  in  thickness  with  sand 
beneath.  Along  the  western  half  of  the  south  shore,  the  bottom  is 
of  gravel  in  most  places,  though  two  bores  showed  seven  feet  of  a 
dark  colored  marl.  It  is  probable  that  the  deeper  water  is  in  part 
underlain  with  a  thicker  marl  deposit,  but  there  is  not  enough  to  at- 
tract capital  for  its  development. 


INDIANA  AND  LONG  LAKES  DEPOSIT. 

Workable. 

This  deposit  occupies  a  semicircular  chain  of  small  lakes  Ijing 
mainly  in  Michigan,  but  with  their  south  ends  extending  into  In- 
diana.   Those  portions  of  the  deposit  in  Indiana  are  on  the  north 
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edge  of  Elkhart  County,  a  little  west  of  north  of  Bristol.  Only  the 
parts  in  Indiana,  or  just  over  the  line  in  Michigan  were  visited.  This 
includes  the  deposit  in  Indiana  Lake  and  in  the  flat  stretch  soutii  of 
Long  Lake.  Baldwin,  Coverdon  and  Long  Lakes  in  Michigan  were 
not  examined. 

IKDIAHA  LAKX. 

Indiana  Lake  lies  in  sections  8  and  9  (38  north,  6  east).  Its  area 
is  estimated  at  100  acres.  Except  over  a  small  area  on  the  east  side 
of  the  lake,  marl  covers  the  bottom  wherever  tested.  Along  the  west 
side  the  belt  of  shallow  water  ie  very  narrow  and  everywhere  showed 
marl  to  below  reach  of  the  drill.  There  is  more  shallow  water  at 
the  south  end  of  the  lake,  and  a  long  tongue  of  similar  water  juts 
out  from  the  east  shore  near  the  north  end,  where  the  marl  is  deep 
except  close  to  the  shore.  In  the  northeast  corner  there  are  a  few 
inches  of  sand  over  the  marl  which  here  runs  from  three  feet  deep 
on  up. 


Lkke  ktid  Marl  Dspoiit  Soatb  or  Lout  Lake. 


A  half  mile  east  of  Indiana  Lake  is  a  ilat  valley  extending  south 
from  Long  Lake.  At  the  south  end  of  this  valley  the  marl  is  shallow, 
being  but  one  or  two  feet  deep.  Toward  the  little  basin  known  as 
Mud  Lake  it  thickens  up  to  over  84  feet,  and  apparently  this  or  a 
greater  depth  is  maintained  northward  to  Long  Lake.  Over  most  of 
this  area,  the  marl  is  overlain  by  muck,  running  from  0  to  four  feet 
in  thickness.  As  a  rule  the  muck  is  thin  or  wanting  near  the  center 
of  the  valley  and  increases  in  thickness  toward  the  edges.  Its  aver- 
age thickness  is  not  far  from  two  and  a  half  feet.  There  is  about 
130  acres  of  marl  land  in  this  valley  south  of  Long  Lake.  The  marl 
in  this  deposit  appeared  to  be  of  excellent  quality,  that  in  Indiana 
Ivake,  especially,  being  very  white.    It  was  formerly  burned  for  lime. 

Including  the  deposits  in  and  around  Long,  Baldwin  and  Coverdon 
JakeSj  there  are  reported  to  be  400  or  more  acres  of  marl  land  which 
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will  run  over  15  feet  in  average  thickness.  The  deposit  is,  therefore, 
one  of  the  largest  treated  in  this  report,  and  on  account  of  a  large 
portion  of  it  lying  above  or  in  shallow  water,  it  can  be  readily  and 
cheaply  worked.  The  Monolith  Portland  Cement  Company,  witt 
headquarters  at  Bristol,  has  already  secured  a  major  portion  of  this 
deposit  and  will  soon  erect  near  Bristol  a  large  cement  plant.  A  dam 
is  being  constructed  across  the  St.  Joseph  River,  which  will  utilize 
the  14-foot  head  of  water  and  so  obtain  very  cheap  power,  while  the 
Lake  Shore  and  Michigan  Southern  Railway,  passing  through  Bristol, 
will  furnish  an  excellent  outlet  for  the  manufactured  product. 


KOSCIUSKO  COUNTY. 
References. — 

1859.     Richard  Owen,  Geol.  Reconn.  of  Ind.,  p.  208. 

1875.  Q.  M.  Levette,  Seventh  Ann.  Rep.  Qeol.  Surv.  of  Ind., 
p.  483. 

1899.  Frank  Leverett,  Water  Supply  and  Irrigation  Papers,  U.  S. 
Geol.  Surv.  No.  21,  p.  35. 

Kosciusko,  one  of  the  largest  counties  in  Indiana,  lies  near  the  cen- 
ter of  the  second  tier  of  counties  south  of  the  Michigan  line.  It  is 
bounded  on  the  north  by  Elkhart,  on  the  east  by  Noble  and  Whitley, 
on  the  south  by  Wabash  and  Pulton,  and  on  the  west  by  Marshall  and 
Fulton  counties.    Its  total  area  is  521  square  miles. 

Three  railways  run  entirely  across  the  county,  the  Michigan  Di- 
vision of  the  Big  Four  north  and  south  through  its  center;  the  Pitts- 
burgh, Ft.  Wayne  and  Chicago,  and  the  New  York,  Chicago  and 
St.  Louis  (Nickel  Plate)  east  and  west,  the  former  through  the 
center,  the  latter  across  the  middle  of  the  south  half.  In  addition 
to  these  the  Baltimore  and  Ohio  cuts  across  the  northeastern  comer, 
while  the  Eel  River  Division  of  the  Wabash  just  touches  the  south- 
eastern comer. 

The  continental  divide,  separating  the  Mississippi  and  Great  Lakes 
drainage  systems,  passes  through  the  northern  third  of  the  county 
in  a  northeast-southwest  direction.  The  streams  and  lakes  in  the 
northern  tier  of  townships  are,  therefore,  drained  through  tributaries 
of  the  St.  Joseph  River  into  Lake  Michigan,  while  those  of  the  re- 
mainder of  the  county  are  tributary  to  the  Tippecanoe  River,  one  of 
the  main  branches  of  the  Wabash.  The  Tippecanoe  enters  the 
county  from  the  east,  a  little  north  of  the  center  and  flows  across 
in  a  westerly-southwesterly  course.  The  streams  of  the  extreme 
Bouthem  part  drain  into  Eel  River,  also  a  tributary  of  the  Wabash. 
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The  entire  surface  of  the  county  is  covered  with  a  heavy  mantle 
of  drift  which  is  largely  sand  and  gravel.  The  thickness  of  this  is 
known  only  in  the  vicinity  of  Warsaw,  the  county  seat,  where  two 
hores  for  gas  wells  showed  it  to  be  respectively  247  and  266  feet, 
while  in  a  third,  three  miles  west  of  Warsaw,  it  was  243  feet.  The 
eastern  and  southern  portions  of  the  county  are  situated  on  the 
interlobate  moraine  of  the  Saginaw  and  Erie  lobe,  except  the  extreme 
southeastern  portion,  which  is  occupied  by  a  moraine  of  the  Erie 
lobe.  The  northwestern  portion  of  the  county,  comprising  about 
one-fourth  its  area,  is  occupied  largely  by  ^gravel  plains  and  by 
marshes.  The  general  elevation  of  these  plains  is  about  800  feet 
above  tide.  The  moraine  stands  920  feet  or  more  in  its  higher 
portions. 

The  elevations  in  feet  above  tide  of  the  principal  railway  stations 
in  the  coimty  are  as  follows:  Atwood,  821;  Clay  pool,  887;  Etna 
Green,  810;  Leesburg,  865;  Mentone,  838;  Milford.  Junction,  843; 
Pierceton,  923;  Sidney,  914;  Silver  Lake,  910;  Syracuse,  862;  Warsaw, 
817  to  826. 

The  lakes  of  Kosciusko  County  are  more  than  40  in  number.  Of 
these  more  than  20  are  too  small  to  be  given  a  name  on  the  county 
map;  while  two,  Turkey  or  Wawasee,  and  Tippecanoe,  rank  re- 
spectively first  and  fifth  in  size  among  those  of  the  State.  Fouri;een 
of  the  larger  ones  were  visited  during  our  investigations,  and  in 
and  about  these,  eight  workable  deposits  of  mari  were  found.  These 
are  fully  described  on  the  pages  which  follow. 

TURKEY  OR  WAWASEE  LAKE. 
Large  Workable  Deposit. 

This  is  the  largest  lake  in  Indiana,  its  water  area,  including  that 
( f  Syracuse  Lake,  being  5.66  square  miles.*  That  portion  south  of 
the  Baltimore  and  Ohio  Railway  lies  in  sections  8,  9,  10,  11,  14,  15, 
16,  17,  22,  23  and  24  (34  north,  7  east),  Turkey  Creek  Township. 
Its  norihwest  end  is  less  than  a  mile  from  the  town  of  Syracuse. 
The  B.  &  0.  Railway  crosses  the  lake  where  it  connects  with  Syra- 
cuse Lake  and  is  but  a  short  distance  north  of  its  shores  at  Pickwick 
Park,  Oakland  and  Johnson's  Bay. 

"Turkey  Lake  is  made  up  of  two  parts,  connected  by  a  channel. 
The  channel  is  three-quarters  of  a  mile  in  length  and  from  100  feet 

*This  data*  as  well  as  most  of  that  which  follows  regardinir  the  topocraphy  and  physieal 
features  of  Turkey  Lake,  is  taken  from  a  paper  by  Mr.  D.  C.  Ridgley*  published  in  the  Pro- 
ceedings of  the  Indiana  Academy  of  Science  for  1896.  The  data  relative  to  the  marl  depoait 
was  secured  by  Dr.  Ashley  in  the  faU  of  1899. 
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to  a  half  mile  in  width.  Its  depth  varies  from  one  to  five  feet.  The 
part  of  the  lake  north  of  the  channel  is  known  as  Syracuse  Lake. 
The  larger  part,  to  the  south  and  east  of  the  channel,  may  be  known 
as  the  main  lake. 

"The  general  trend  of  the  lake  is  from  southeast  to  northwest. 
Its  greatest  length  is  five  and  a  half  miles,  and  its  greatest  width  at 
a  right  angle  to  its  length  is  one  and  a  half  miles.  The  entire  shore 
line  is  between  20  and  21  miles  in  length.  No  very  prominent  irreg- 
ularities occur  around  Syracuse  Lake,  while  in  the  main  lake  a 
number  of  evident  indentations  are  to  be  found.  The  east  end  of 
the  main  lake  is  made  up  of  three  bays.  Johnson's  Bay,  extending 
to  the  north,  is  one  mile  long  and  three-eighths  of  a  mile  wide. 
Ogden  Point  lies  to  the  west  of  the  entrance  of  this  bay  and  Cedar 
Point  to  the  east.  The  east  end  of  the  main  lake  is  Crow's  Bay, 
with  Cedar  Point  on  its  north  and  Morrison's  Island  on  its  south. 
Jarrett's  Bay  extends  to  the  southeast,  with  Morrison's  Island  to  the 
east  of  its  entrance  and  Clark's  Point  to  the  west.  In  the  west  end 
of  the  main  lake  is  Conkling  Bay,  circular  in  form  and  with  the  sur- 
rounding marsh  a  half  mile  in  diameter.  It  lies  south  of  Conkling 
Hill.  These  are  the  most  prominent  indentations.  Between  the 
channel  and  Ogden  Point,  which  are  two  and  a  quarter  miles  apart, 
the  shore  line  curves  gently  northward  three-quarters  of  a  mile, 
forming  Sunset  Bay.  Between  Clark's  Point  and  Black  Stump  Point, 
one  and  three-quarters  miles  to  the  northwest,  the  shore  line  bends 
southward  one-third  of  a  mile. 

"The  average  depth  of  the  lake,  found  by  taking  the  average  for 
the  soundings  at  regular  intervals  of  300  feet  along  the  lines  of 
soundings,  is  21  feet  six  inches  in  the  main  lake,  13  feet  ^ix  inches 
in  Syracuse  Lake,  and  20  feet  five  inches  for  the  entire  lake.  The 
maximum  depth  found  in  the  main  lake  is  68  feet  seven  inches,  one- 
quarter  of  a  mile  from  the  southern  extremity  of  Jarrett's  Bay; 
1,200  feet  northeast  of  Vawter  Park  Hotel  a  depth  of  66  feet  five 
inches  was  found;  three-quarters  of  a  mile  north  and  one-quarter  of 
a  mile  west  of  the  hotel  the  water  is  60  feet  deep;  and  a  half  mile 
northwest  of  Black  Stump  Point  it  is  63  feet  three  inches  deep. 

"An  examination  of  the  contour  lines  of  the  map  shows  that  if  we 
consider  water  having  a  depth  of  30  feet  or  more  as  deep  water,  we 
have  in  the  main  lake  four  areas  of  deep  water,  varying  greatly  in 
size  and  connected  with  each  other  by  channels. 

"In  Crow's  Bay  the  greatest  depth  found  was  49  feet  nine  inches. 
These  waters  enter  the  main  body  of  the  lake  through  a  channel 
deeper  than  30  feet,  and  200  feet  wide  at  its  narrowest  point.    This 
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channel  flows  across  the  mouth  of  Johnson^s  Bay,  meeting  a  short 
arm  deeper  than  30  feet  from  that  bay,  and  comes  within  600  feet  of 
the  southeast  extremity  of  Ogden  Point.  This  channel  continues  less 
than  400  feet  wide  to  a  point  two-thirds  of  a  mile  west  of  Ogden 
Point,  where  it  joins  the  channel  deeper  than  30  feet  from  Jarrett's 
Bay.  The  deepest  water  in  Jarrett's  Bay  is  68  feet  seven  inches, 
and  the  area  deeper  than  30  feet  is  one-fourth  of  a  mile  wide,  extend- 
ing north  beyond  the  mouth  of  the  bay  and  to  within  700  feet  of  its 
southern  shore.  This  30-foot  depth  joins  the  main  body  of  the  lake 
a  half  mile  north  of  Clark^s  Point,  where  the  channel,  30  feet  deep,  is 
only  100  feet  wide.  Turning  to  the  west,  1,000  feet  northeast  of 
the  Vawter  Park  Hotel,  this  channel  deepens  to  66  feet  five  inches, 
and  widens  to  half  a  mile  directly  north  of  the  hotel.  Here  it  meets 
the  narrow  channel  30  feet  deep  from  Crow's  Bay.  The  two  channels 
merge  into  one  and  form  an  area  of  water  from  30  to  66  feet  in 
depth,  one  mile  in  length  and  with  a  maximum  width  of  three- 
quarters  of  a  mile.  This  area  of  deep  water  lies  nearer  the  south 
shore,  its  center  being  one-third  the  distance  from  the  south  shore 
to  the  north  shore.  Near  Black  Stump  Point  the  deep  water  narrows 
abruptly  from  the  north,  and  600  feet  out  from  Black  Stump  Point 
its  width  is  but  200  feet.  West  of  Black  Stump  Point  the  deep  water 
widens  abruptly  to  the  north  to  a  width  of  a  quarter  of  a  mile,  and 
deepens  to  63  feet  three  inches.  West  of  this  the  area  of  deep  water 
narrows  again  and  the  water  having  a  depth  of  30  feet  ends  one- 
quarter  of  a  mile  southeast  of  the  entrance  to  the  channel  between 
the  main  lake  and  Syracuse  Lake. 

"Between  the  deep  channels  from  Crow's  Bay  and  Jarrett's  Bay 
the  area  having  a  depth  less  than  30  feet  is  one  and  a  quarter  miles 
long,  1,300  feet  wide,  and  contains  an  area  one  mile  long  and  600 
feet  wide  over  which  the  water  is  less  than  10  feet  deep. 

^T[f  the  level  of  the  lake  were  lowered  30  feet  there  would  remain 
four  bodies  of  water  connected  by  channels  from  100  to  200  feet  wide 
and  less  than  10  feet  deep.    These  four  bodies  of  water  would  be: 

(1)  A  small  area  in  Crow's  Bay  with  a  maximum  depth  of  19  feet; 

(2)  about  one-half  of  Jarrett's  Bay  with  a  maximum  depth  of  38 
feet;  (3)  the  main  body  of  the  lake,  its  width  decreased  almost  one- 
half  and  its  maximum  depth  being  36  feet;  (4)  a  small  area  north- 
west of  Black  Stump  Point  with  a  maximum  depth  of  33  feet. 
Lower  the  level  of  the  lake  10  feet  more,  that  is,  40  feet  below  its 
present  level,  and  these  four  bodies  of  water  would  remain  as  sep- 
arate lakes,  the  connecting  channels  now  being  dry. 
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^Qreat  changes  in  the  shore  line  will  take  place  if  the  level  of 
the  lake  be  lowered  to  a  much  less  extent.  By  observing  the  map 
it  will  be  seen  that  a  lowering  of  the  level  of  the  lake  to  the  amount 
(ft  10  feet  would  move  the  shore  line  to  the  first  contour  line.  This 
would  leave  one-half  the  bottom  of  Johnson^s  Bay  dry  land;  it  would 
move  the  shore  line  along  Crow's  and  Jarretf  s  Bays  from  400  to  1,000 
feet  into  the  lake.  Clark^s  Point  would  extend  2,000  feet  further 
north,  and  the  distance  between  Clark^s  Point  and  Ogden  Point  would 
be  reduced  from  4.000  feet  to  1,800  feet.  The  south  shore  line 
from  Clark's  to  Conkling  Bay  would  be  moved  northward  distances 
varying  from  260  feet  at  Iron  Spring  Point  to  1,000  feet  along  the 
shore  west  of  Black  Stump  Point.  The  north  shore  line  from  Ogden 
Point  to  the  channel  would  be  moved  southward  from  900  feet  to 
2,000  feet,  and  at  one  place — ^between  Jones'  Landing  and  Black 
Stump  Point — 4,000  feet,  reducing  the  width  of  the  lake  at  this 
place  from  one  mile  to  600  feet.  The  channel  between  the  main 
lake  and  Syracuse  Lake  would  be  drained,  and  the  greater  part  of 
Syracuse  Lake  would  become  dry  land.  Judging  from  the  contour 
of  the  land  the  level  of  the  lake  has  probably  never  been  more  than 
five  feet  below  what  it  is  at  present. 

The  areas  below  which  there  is  a  certain  depth  of  water  have  been 
estimated  as  follows: 

Depth  of  Waier,  Area  in  Square  Miles. 

1—10  feet 3.27777 

10-20  feet 59027 

20-30  feet 62500 

30-40  feet 45833 

'40-60  feet 39583 

60-60  feet 22918 

60-70  feet 0694 

• 

Total  5.64576 

"Topography  of  the  Shore. — The  shore  of  20  miles  is  about 
equally  divided  between  dry  shores  and  marshy  shores.  The  dry 
shores  are  composed  of  sand  and  gravel.  Some  are  less  than  five 
feet  high,  but  more  often  they  are  abrupt  bluffs  from  10  to  30  feet 
high,  or  hills  which  ascend  rapidly  to  a  height  of  40  feet.  The  shore 
south  of  Turkey  Creek,  the  outlet,  is  marshy,  and  these  marshes 
extend  along  both  sides  of  the  channel  between  Syracuse  Lake  and 
the  main  lake.  Pickwick  Park  is  located  on  a  gravelly  shore  less 
than  10  feet  above  the  level  of  the  lake.  Between  Pickwick  Park 
and  Epperfs  is  the  Gordoniere  Marsh  extending  northwest  to  the 
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channel.  The  shore  between  Epperfs  and  Jones'  is  mainly  marsh. 
From  Jones'  one-quarter  of  a  mile  east  the  shore  is  a  bluff  from 
10  feet  to  15  feet  high.  From  this  point  almost  to  Wawasee  the 
land  near  the  shore  is  at  present  a  dry  marsh.  The  bluff  at  Wawasee 
is  16  feet  high  and  extends  along  the  shore  1,700  feet.  This  bluff 
extends  back  from  shore  500  feet,  where  it  joins  the  marsh  which 
stretches  along  the  shore  to  Ogden  Island,  and  also  to  the  east 
of  Johnson's  Bay.  On  the  east  side  of  Johnson's  Bay  are  two  bluffs, 
one  reaching  a  height  of  23  feet  and  extending  from  Cedar  Point 
northwest  one-quarter  of  a  mile  along  the  shore  and  having  500 
feet  for  its  greatest  width;  the  other  is  1,000  feet  further  to  the 
northwest  and  is  between  10  feet  and  15  feet  high,  700  feet  long  and 
150  feet  wide.  Lying  to  the  northeast  of  these  bluffs  and  extending 
between  them  is  an  ami  of  the  Johnson  Marsh  from  50  feet  to  800 
feet  in  width,  which  joins  Crow's  Bay  just  east  of  Cedar  Point. 
From  the  northeast  comer  of  Crow's  Bay  the  bluffs  extend  south 
along  the  east  end  of  the  lake  for  half  a  mile.  They  are  from 
10  to  27  feet  in  height. 

"The  land  on  both  sides  of  Turkey  Creek,  the  inlet  of  the  lake, 
is  marshy.  Lying  to  the  north  of  the  mouth  of  the  creek  this 
marsh  is  400  feet  wide  and 'extends  one-quarter  of  a  mile  north 
along  the  lake.  This  marsh  is  separated  from  the  marsh  along  the 
east  margin  of  Morrison's  Island  by  a  shallow  channel  of  water. 
The  west  side  of  Morrison's  Island  is  a  bluff  reaching  a  height  of 
21  feet.  From  Turkey  Creek  to  Buttermilk  Point  the  shore  is 
skirted  with  marsh  from  200  feet  to  400  feet  wide.  Mineral  Point 
is  200  feet  from  the  lake  and  ascends  abruptly  from  the  marsh  to  a 
height  of  25  feet.  A  half-mile  south  of  Turkey  Creek  the  lake  is 
entered  by  Jarrett's  Creek,  which  is  the  outlet  of  a  chain  of  small 
lakes  lying  southeast  of  Jarrett's  Bay.  This"  stream  flows  through 
a  marsh  400  feet  wide,  and  all  the  small  lakes  are  bordered  by 
marsh  land.  The  marsh  along  the  lake  ends  at  Buttermilk  Point, 
and  for  a  quarter  of  a  mile  the  shore  is  dry  and  sandy.  The  land 
along  this  shore  is  not  a  perpendicular  bluff,  but  rises  rapidly  from 
the  lake  to  the  south  and  reaches  a  height  of  40  feet  at  a  distance 
of  400  feet  from  the  shore.  The  west  side  of  Jarrett's  Bay  is  skirted 
by  a  marsh  from  150  feet  to  1,000  feet  wide.  West  of  the  marsh 
is  a  bluff  from  10  to  15  feet  high,  continuous  with  the  land  south 
of  the  bluffs  of  Vawter  Park.  West  from  Clark's  the  south  shore 
of  the  lake  is  a  perpendicular  bluff  reaching  a  height  of  29  feet  in 
Vawter  Park  and  extending  west  beyond  the  point  where  our  survey 
of  the  summer  ended.    This  bluff  is  cut  by  a  ravine  50  feet  wide  at 
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the  Vawter  Park  Hotel  and  by  a  small  stream  entering  the  lake  a 
quarter  of  a  mile  west  of  Vawter  Park.  The  shore  extending  west 
to  and  around  Black  Stump  Point  is  from  five  feet  to  15  feet  above 
the  level  of  the  lake.  The  high  bluff  from  Clark's  Point  to  Black 
Stump  Point  is  by  far  the  longest  stretch  of  highland  along  the 
shore,  being  nearly  two  miles  in  length.  Conkling  Bay  during  the 
summer  months  contained  an  area  of  water  about  300  feet  in  diam- 
eter and  20  feet  deep,  bordered  by  wide  stretches  of  marsh  con- 
taining a  few  small  pools  of  very  shallow  water.  To  the  north  of 
Conkling  Bay,  Conkling  Hill  ascends  rapidly  to  a  height  of  40  feet 
or  more. 

"Wherever  there  is  a  long  stretch  of  shore  bordered  by  marsh, 
there  is  no  beach  formed,  but  the  muddy  bottom  of  the  lake  merges 
into  the  mud  of  the  marsh  along  the  shore  line.  Along  all  the  dry 
shores,  and  along  the  marshes  of  small  extent  lying  between  bluffs, 
the  beach  is  composed  of  gravel  and  sand.  These  beaches  along 
the  bluffs  are  formed  by  erosion  and  deposit  along  the  base  of  the 
bluffs.  The  sandy  and  gravelly  beaches  along  marshes  are  found 
where  the  adjoining  bottom  of  the  lake  is  composed  of  sand  and 
gravel.  These  beaches  have  most  probably  been  formed  by  the 
action  of  ice. 

"The  lake  freezes  over  and  by  expansion  the  ice  is  pushed  up 
along  the  shore,  carrying  sand,  gravel  and  stones  with  it.  Numerous 
ice  cracks  form  during  the  winter  and  fill  with  water.  This  water 
freezes  and  pushes  the  ice  still  further  up  the  shore,  carrying  the 
beach-forming  material  still  higher.  These  ice  cracks  are  very  nu- 
merous and  may  be  as  much  as  three  inches  wide.  The  amount  of 
lateral  pressure  brought  to  bear  on  the  shores  by  this  means  is  very 
great,  and  beach  ridges  are  begun  and  added  to  each  year.  The 
action  of  the  ice  in  forming  beaches  along  marshes  is  very  great, 
while  along  bluffs  it  is  small.  In  the  first  case  no  great  resistance 
is  met  with  in  expansion,  and  the  material  for  building  the  beach 
will  be  carried  up  to  the  full  extent  of  the  expansion  of  the  ice,  while 
along  the  bluffs  the  ice  crowds  against  the  shore  and  is  itself  broken 
at  every  expansion. 

"Inlet. — The  only  stream  flowing  into  the  lake  and  containing 
water  throughout  the  year  is  Upper  Turkey  Creek,  which  enters 
the  lake  on  the  east  side  of  Jarrett^s  Bav.  Durino^  the  summer 
months  it  is  filled  with  an  abundant  growth  of  water  vegetation, 
and  is  without  any  perceptible  current.  When  the  water  is  high 
the  chain  of  small  lakes  lying  to  the  southeast  is  drained  into  the 
large  lake  through  Jarrett's  Creek,  entering  Jarre tt's  Bay  a  half 
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mile  south  of  Turkey  Creek.  A  small  stream  one-fourth  of  a  mile 
west  of  Vawter  Park,  and  another  from  the  east  side  of  Johnson's 
Bay,  contribute  water  to  the  lake  when  the  water  is  high,  but  not 
during  the  dry  summer  months.  There  are  no  springs  around  Syra- 
cuse Lake,  but  springs  are  found  along  the  margin  of  the  main  lake 
wherever  the  shore  rises  15  feet  or  more  and  extends  across  the 
country  as  elevated  territory.  These  springs  usually  enter  the  lake 
near  high-water  mark.  This  gives  springs  along  Crow's  Bay, 
Mineral  Point,  the  south  and  west  sides  of  Jarrett's  Bay,  and  along 
the  south  shore  from  Vawter  Park  one  mile  west.  No  springs 
are  found  along  the  bluffs  at  Jones',  Wawasee,  Cedar  Point,  Morri- 
son's Island,  or  Conkling  Hill,  but  in  each  case  these  highlands  are 
narrow  and  surrounded  by  marsh  or  lowland.  For  a  half-mile  along 
Crow's  Bay  the  bluff  is  more  than  20  feet  high.  All  along  the 
foot  of  the  bluff  the  water  percolates  from  the  gravel,  and  at  places 
it  flows  from  quite  strong  springs.  At  Mineral  Point  there  are  a 
number  of  strong  springs.  At  Buttermilk  Point  and  along  the  base 
of  the  bluffs  west  of  Jarrett's  Bay  are  also  a  number  of  springs. 
The  margin  of  the  lake  from  Vawter  Park  one  mile  west  is  very 
springy,  but  the  flow  of  water  is  not  so  strong  as  along  Crowds  Bay. 
The  waters  from  all  these  springs  show  traces  of  iron  more  or  less 
strongly. 

"Outlet. — The  waters  of  the  lake  flow  into  Lower  Turkey  Creek 
through  which  they  enter  the  Elkhart  River  near  Goshen,  Indiana; 
then  through  the  Elkhart  and  St.  Joseph  rivers  they  reach  Lake 
Michigan. 

"Near  the  outlet  of  the  lake  the  creek,  during  the  summer,  was 
about  20  feet  wide  and  had  an  average  depth  of  less  than  six  inches. 
The  volume  of  water  discharged  through  the  outlet  was  computed 
from  measurements  taken  in  the  creek  and  the  overflow  of  the  mill 
race  July  18,  1895.  The  outflow  through  the  creek  was  103  cubic 
feet,  or  772^  gallons,  per  minute;  through  the  mill  race,  41 
cubic  feet,  or  307^  gallons,  per  minute,  making  a  total  of  144  cubic 
feet,  or  1,080  gallons,  per  minute.  At  the  same  time  the  volume  of 
the  creek  a  half-mile  below  was  computed  at  137^  cubic  feet,  or 
1,031  gallons,  per  minute. 

"By  taking  the  outflow  of  the  lake  at  144  cubic  feet  per  minute, 
finding  the  amount  discharged  in  twenty-four  hours,  and  computing 
the  amount  the  level  of  the  lake,  with  an  area  of  five  and  a  half 
square  miles,  would  be  lowered  by  such  an  outflow  with  no  inflow, 
we  find  it  to  be  .016  of  an  inch.  At  this  rate  it  would  require 
62^  days  to  lower  the  lake  one  inch.    In  one  year  of  365  days,  at 
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the  same  rate,  the  level  would  be  lowered  5.84  inches.  The  inflow 
during  the  summer  months  is  almost  entirely  due  to  springs,  and 
probably  equals  the  outflow.  The  lowering  of  the  level  of  the  lake, 
during  the  summer  months,  seems  to  be  due  almost  entirely  to  evap- 
oration. 

"Changes  in  Level. — The  surface  of  Turkey  Lake  is  864  feet 
above  tide,  and  282  feet  above  the  surface  of  Lake  Michigan. 
Changes  in  the  level  of  the  lake  have  been  due  to  three  causes: 
Erosion,  the  dam  which  is  built  across  Turkey  Creek  just  below  the 
outlet  of  the  lake,  and  climatic  conditions.  Old  beach  formations 
give  evidence  that  the  level  of  the  lake  was  formerly  five  or  six 
feet  higher  than  at  present.  By  erosion  the  channel  at  the  outlet 
was  cut  10  feet  below  this  ancient  level,  and  the  dam  has  raised 
the  level  of  the  lake  five  feet  to  its  present  level. 

"The  history  of  the  dam  as  given  by  an  old  settler  is  as  follows: 
A  small  dam  was  built  in  1828,  to  which  additions  were  made  in 
1831.  This  dam  was  washed  out  in  1833  and  the  present  dam  and 
mill  race  were  begun  in  the  same  year.  This  raised  the  level  of  the 
lake  so  that  timber  stood  in  water  five  feet  deep.  Much  of  this 
timber  remained  uncut  in  1840,  and  some  was  still  standing  as  late 
as  1865. 

"The  fluctuations  in  the  level  of  the  lake  are  caused  by  climatic 
conditions,  and  vary  with  the  inflow  and  outflow,  rainfall  and  evap- 
oration. The  annual  fluctuations  are  estimated  to  be  about  two 
and  a  half  feet.  The  level  of  the  lake  is  usually  highest  about  May 
first,  after  the  heavy  spring  rains,  and  lowest  in  August.  The  hydro- 
graphic  basin  is  so  small  that  at  present  but  seven  inches  of  water 
are  removed  from  the  surface  by  outflow,  while  30  are  removed  by 
evaporation.  The  lake  having  a  surface  of  5.6  square  miles,  an 
increase  of  this  surface  by  V«^0,  or  about  one  and  one-third  square 
miles,  would  be  sufficient  to  allow  all  the  water  coming  into  the  lake 
to  be  lost  by  evaporation  except  in  wet  seasons.  The  surface  of  the 
lake,  therefore,  can  not  have  been  very  much  higher  than  at  present 
if  the  present  precipitation  and  evaporation  have  been  constant  since 
the  ice  left  this  region.'^ 
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MOLLUSCA  OF  TUBKXT   LaKE. 

The  following  is  a  list  of  the  moUusca  from  Turkey  Lake  as  men- 
tioned by  Dr.  R.  E.  Call  in  his  various  papers  on  Indiana  mollusca: 

UNIVALVSB.  BtVALVES. 

1.  Limnophysa  palustris  Muller.  9.  SphcBrium  solidulvm  Prime. 

2.  'IAmnopky$a  caperata  Muller.  10.  Sphcerium  rhomboideum  Bay. 

3.  LimnophyM  humilis  Say.  11.  Piaidium  rotundatum  Prime. 

4.  Physa  andUaria  Say.  12^    Unto  gibbosiu  Barnes. 
6.  Helisoma  triwdvis  Say.  13.    Unio  ItUeolus  Lam. 

6.  Oampeloma  decimm  Say.  14.  MargarUana  ddUndea  Lea. 

7.  Oampeloma  rufum  HaM.  15.  AnodorUa  grandis  Say. 

8.  Ooniobasia  ptdcheUa  Anthony.         16.  AnodorUa  mbeylindra^cea  Lea. 

17.  AnodorUa  footiana  Lea. 

Fishes  of  Turkey  Lake. 

The  following  lists  of  fishes  and  turtles  known  to  occur  in  Turkey 
Ijake  are  from  papers  by  Dr.  C.  H.  Eigenmann  in  the  Proceedings  of 
the  Indiana  Academy  ol  Science  for  1895: 

FISHES  KNOWN  TO  OCCUR  IN  TURKEY  LAKE. 

1.  Lepiiosteus  osseuB  L.     Common  Oar-pike. 

2.  Lepisosteus  platystomus  Baf.     Short-nosed  Grar-pike. 

3.  Amia  calva  L.     Dog-fish. 

4.  Amiewrus  natalis  LeS.     Yellow  Cat. 

5.  Schilheodes  gyrinus  Mitch.     Slender  Mud  Tom. 

6.  Erimyzon  siiceUa  oblongiu  Mitch.     Sweet  Sucker. 

7.  Pimephales  noUU^is  Raf.     Blunt-nosed  Minnow. 

8.  NotropU  anogenus  Forbes.     Small-chioned  Minnow. 

9.  Notropis  hifrenatus  Cope.     Two- bridled  Minnow. 

10.  Notropis  heterodon  Cope.     Variable-toothed  Minnow 

11.  Notropis  microstomus  Raf.     Small-mouthed  Minnow. 

12.  Notropis  megahps  Raf.     Common  Shiner. 

13.  Notemigontis  chrysoUucus  Mitch.     Golden  Shiner. 

14.  Fundxdus  diaphanus  menona  Jor.  and  Cope.     Top  Minnow. 

15.  Lucius  vermicvlatus  LeS.     Little  Pickerel. 
16  Labidesihes  sicculus  Cope.     Brook  Silverside. 

17.  Pomoxis  sparoides  Lac^p^de.     Calico  Bass. 

18.  Amblopliies  rupestris  Raf.     Rock  Bass ;  Red  Eye. 

19.  Cfuenobrytttis  gulosus  Cuv.  and  Val.     War-mouth. 

20.  Ijepomis  cyandlus  Raf.     Green  Sunfish. 

21.  Lepomis  pallidus  Mitch.     Blue  Sunfish ;  Blue  Gill. 
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22.  Lepomis  gibboms  L.     Common  Sun  fish. 

23.  Mieropterus  dolomieu  Lac^p^de.     Small- mouthed  Black  Bass. 
21.     Mijcropterus  salmoides  Lac6p^de.     Large-mouthed  Black  Bass. 

25.  Eiheodoma  nigrum  Baf.     Johnny  Darter. 

26.  Etheostoma  eaprodes  Raf.     Log  Perch. 

27.  Etheostoma  iowm  Jor.  and  Meek.     Iowa  Darter. 

28.  Etheostoma  microperca  Jor.  and  Oil.     Least  Darter. 
29  Perca  flavescens  Mitch.     Yellow  Perch. 

Turtles  of  Turkey  Lake. 

^*Turtles  are  at  all  times  and  everywhere  abuftdant.  They  fre- 
quent especially  the  shallower  portions  of  the  lake.  I  present  here 
simply  a  list  with  notes  on  their  abundance  and  breeding  habits. 

1.  Chblydra  serpentina  Linn.     Snapping  Turtle. 

**This  species  is  abundant  in  Turkey  Lake,  and  reaches  a  larger 
size  than  any  of  the  others.  It  is  caught  for  the  market.  It  is 
much  shyer  than  the  other  species  of  turtles  and  is  not  frequently 
seen.  It  inhabits  the  shallower  muddy  parts  of  the  lake,  being 
abundant  in  the  kettle  and  about  Morrison's  Island. 

2.  Trionyx  8PINIFERU8  LcS.     Soft-shellcd  Turtle. 

"llie  soft-shelled  turtle  is  verv  abundant.  It  is  the  second  in 
size  and  is  caught  for  the  markets.  Its  round  eggs  are  laid  in  the 
sand  and  gravol  near  the  water's  edge  during  June  and  July.  On 
June  2(3  one  was  seen  digging  a  nest  in  the  gravel  banks  at  Syracuse, 
and  on  the  27th  we  obtained  eggs  from  five  nests  about  Ogden  Point 
and  other  places  about  the  kettle.  Other  fresh  nests  were  found 
July  9.  Tlie  time  of  hatching  was  not  determined.  The  number  of 
eggs  found  in  several  nests  was  as  follows:    9;  12;  17;  18;  27;  32. 

3.  Aromochelys  odorata  Bosc.     Mupk  Turtle ;  Stink-pot. 

^*This  species  is  abundant  but  not  conspicuous.  Individuals  were 
oftenest  seen  the  latter  part  of  June  and  first  part  of  July  while 
laying  their  cg^fj^^.  The  eggs  are  laid  in  the  rotten  wood  in  the  tops 
of  stumps  standing  in  the  margin  of  the  lake.  The  turtles  were 
frequently  found  in  the  tops  of  these  stumps,  and  some  of  their 
Gggf>  wedged  as  far  into  the  rotten  w^ood  as  a  finger  could  bore. 
Kotten  logs  removed  some  distance  from  the  water  are  also  favorable 
places  for  ogg  laying,  and  in  a  mucky  place  of  small  area  at  the  edge 
of  the  lake  362  eggs  were  taken  at  one  time.     The  number  of  eggs 

12-Geol. 
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laid  by  one  individual  varies  from  four  to  seven,  this  number  being 
usually  in  a  cluster.  At  this  rate  about  60  turtles  must  have  con- 
tributed to  the  nest  of  362. 

4.  Chrysemyb  marginata  Agaraiz.     Lady  Turtle. 

"This  appears  to  be  the  most  abundant  turtle  of  the  lake.  How 
far  its  apparent  abundance  may  be  due  to  its  habits  I  am  unable  to 
say.  It  is  found  floating  or  quietly  paddling  along,  its  head  out 
of  the  water,  but  on  nearer  approach  it  always  turns  tail  and  seeks 
refuge  in  the  abundant  Chara  fields  or  in  other  hiding  places.  The 
Chara  fields  are  traversed  by  narrow  paths  and  tunnels  made  by  this 
turtle.  The  eggs  are  laid  later  in  the  summer  and  farther  from 
the  water  than  those  of  the  other  species.  Many  were  leaving  the 
water  in  late  August;  the  eggs  were  found  but  once. 

5.  Malaclemmyb  geographica  Le  8.     Map  Turtle. 

"Next  to  Chrysemys  marginata,  the  most  abundant  of  the  turtles. 
It  goes  also  by  the  appropriate  name  of  Housetop. 

* 

6.  EfiffYS  BL4NDINGII  Holbrook.     BlandiDg's  Tortoise. 

"Found  in  moderate  numbers  in  the  lake  and  along  the  banks  of 
Turkey  Creek. 

7.  Clemmys  guttata  Schneider     Speckled  Tortoine. 

"But  two  specimens  were  seen.'' 

Marl. — Marl  occurs  in  the  open  water  just  south  of  Buck  Island 
but  is  replaced  by  muck  under  the  swampy  part  of  the  channel. 
East  of  Conkling's  Hill  a  large  area  of  marl  sets  in,  covering  most 
of  the  southeast  40  of  section  8  and  the  southwest  40  of  section  9, 
though  not  running  in  close  to  shore.  This  area  swings  around 
the  end  of  the  deep  water  in  this  part  of  the  lake  and  extends  south- 
east along  the  shore  tc  Black  Stump  Point.  From  the  mouth  of 
Conkling's  Bay  to  the  same  point  it  extends  in  rather  close  to  shore, 
often  to  within  50  feet,  and  deepens  to  over  16  feet  in  a  few  yards. 
Tests  with  a  24-foot  auger  in  this  area  failed  to  find  the  bottom  of 
the  marl. 

Between  Black  Stump  Point  and  Vawter  Park  the  marl  sets  in 
on  the  average  about  100  yards  from  the  shore  and  reaches  a  depth 
of  over  16  feet  in  a  few  yards  further,  and  from  there  out  extends 
below  reach  of  16-foot  pole  into  deep  water. 
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The  marl  is  distributed  very  unevenly  over  the  broad  shallow  area 
off  from  Clark's,  nearly  half  the  tests  showing  hard  bottom,  while 
the  others  entered  marl  without  reaching  bottom,  the  water  being 
from  three  to  nine  feet  deep.  Over  the  long  shallow  water  bar 
between  this  and  Ogden  Point  the  marl  is  also  irregularly  distributed, 
though  a  considerable  quantity  is  found  here. 

From  Clark's  to  Buttermilk  Point  the  marl  is  found  almost  if  not 
quite  continuously,  though  it  sets  in  at  variable  distances  from  the 
shore.  In  the  embayment  between  Buttermilk  and  Mineral  Points 
the  marl  is  shallow  for  some  distance  off  shore  but  reaches  a  good . 
depth  in  the  center  of  the  bay.  Between  Mineral  Point  and  Mor- 
rison's Island  only  muck  was  found.  Marl  of  good  depth  was  found 
west  of  Morrison's  Island  off  shore,  but  runs  out  southwest  and 
north  of  the  island,  where  only  hard  bottom  was  found.  A  small 
amount  of  marl  was  found  in  Crow's  Bay,  though  none  in  shallow 
water  or  close  to  shore.  Some  marl  was  found  just  southeast  of 
Cedar  Point.  Two  thin  beds  of  sand  were  passed  through  in  testing 
here,  the  first  at  four  feet  and  the  second  at  seven  feet.  West  of 
Cedar  Point  the  bottom  is  hard  out  to  a  depth  of  from  seven  to 
nine  feet  of  water,  beyond  which  marl  sets  in.  At  the  head  of 
Johnson's  Bay  there  is  a  good  deposit  of  marl,  thinning  down  to 
about  12  feet  at  the  water's  edge  but  extending  half-way  to  the  solid 
land  before  running  out  entirely.  Along  the  sides  of  the  bay  the 
marl  is  less  regular,  often  being  mucky  and  in  places  only  pure  muck 
was  encountered. 

At  Ogden  Point  there  is  a  narrow  belt  of  marl  on  the  edge  of  deep 
water.  From  here  to  Oakland  the  broad  belt  of  shallow  water  shows 
little  or  no  marl.  In  places  it  is  found  on  the  edge  of  deep  water 
or  in  slight  depressions  in  the  general  level. 

SYRACUSE  LAKE. 

Workable  Deposit,  Now  Being  Utilized  by  the  Syracuse  Portland 

Cement  Company. 

Syracuse  Lake  is  the  name  given  to  the  northern  end  of  Turkey 
or  Wawasee  Lake,  it  being  separated  from  the  main  body  of  the 
latter  by  a  marsh  and  island,  though  rowboats  can  readily  pass  by 
a  narrow  channel  from  one  to  the  other.  It  lies  just  east  of  the 
town  of  Syracuse  on  the  B.  &  0.  Railway  and  has  a  length  of  a 
mile  and  a  quarter  and  a  width  of  nearly  three-quarters  of  a  mile. 
The  water  area  is  at  present  120f  acres.  A  large  factory  has  just 
been  completed  by  the  Syracuse  Portland  Cement  Company  for  the 
utilization  of  the  underlying  marl. 
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The  topography  of  the  lake  is  indicated  on  the  accompanying 
map.*  The  eastern  and  southern  margins  of  the  lake  are  shallow  and 
a  shallow  water  belt  luts  out  from  the  southeast  comer  of  the  lake 
well  to  the  center,  giving  from  four  to  six  feet  of  water  there.  Along 
the  northern  and  western  margins  the  water  runs  shallow  close  to 
shore  but  rapidly  deepens  to  from  25  to  36  feet.  The  banks  tend  to 
be  high  along  the  north  side  with  many  sparsely  wooded  bluffs. 
Around  the  rest  of  tho  lake  they  are  of  moderate  height  or  low.  The 
southeastern  corner  tends  to  be  marshy. 

Marl. — Through  tlie  kindness  of  Mr.  J.  P.  Dolan,  of  Syracuse, 
we  are  enabled  to  present  the  accompanying  map  of  Syracuse  Lake 
showing  its  marl  resources  as  determined  by  an  extended  survey. 
Tests  were  made  every  300  feet,  along  lines  300  feet  apart. 


R(^outh) 


Fig.  44.    Cross  SectiouS  of  Lake  and  Marl,  Syracuse  Lake.  Kosciusko  County,  Ind. 


These  tests  show  that  the  marl  is  inclined  to  be  shallow,  or  lack- 
ing close  to  shore,  a  fact  readily  accounted  for  by  the  reason  that 
the  present  lake  surface  has  been  artificially  raised  several  feet. 
Figure  44  shows,  by  the  width  of  the  solid  black  bands,  the  depth 
of  marl  over  the  lake.  In  a  general  way  this  shows  an  area  of  deep 
marl  under  shallow  water  in  the  southeast  part  of  the  lake;  marl  of 
moderate  depth  (10  to  20  feet)  over  most  of  the  rest  of  the  south 
half  of  the  lake;  deep  marl  (15  to  40  feet  or  more)  over  most  of  the 

^See  map  of  Lake  Wawasee,  Syracuse  Lake  being  included. 
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north  half  of  the  lake,  in  some  cases  the  marl  having  depths  of  30 
to  35  feet  within  300  feet  from  shore.  Reference  may  be  made  to 
the  accompanying  map  for  the  details  concerning  the  deposit. 
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Analysis  of  the  marl  from  Syracuse  Lake,  made  by  Prof.  S.  B. 
Newberry,  of  Sandusky,  Ohio,  resulted  as  follows: 


I  BBPOBT  OF  8TATB  OB0L0OI8T. 

Calcfum  carbonate  (CaOoi) 8S.tf  per  cent 

Magneelum  carbonate  (MgCo.) 2,71  per  coit 

Iron  oxide  and  alumina 1J21  pw  cent. 

Calclnm  sulphate  (CaSoJ 1.58  per  cent 

Insoluble  1.78  per  cent. 

Orsantc  matter,  etc 4Ji3  per  cent. 

Total  100.00 


DBWABT  OB  LINGLH  LAKB. 

WoKEABLB  DapoeiT. 

This  lake  lies  about  foiur  miles  soutlieaat  of  Milford,  in  sections 
25  and  36  (34  north,  6  east).  Tan  Buren  Township,  and  section  30 
(34  north,  7  east),  Turkey  Creek  Township.  Its  northern  shore  is 
three  and  a  half  miles  a  little  west  of  south  of  the  Baltimore  &  Ohio 
Railway  at  Syracuse.  When  visited  in  the  antnnm  of  1899,  it  had 
recently  been  lowered,  very  much  reducing  its  area  and  extent. 
The  water  area  was  estimated  to  be  then  over  300  acr^,  though 
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Fid.  46.    H>p  of  Dawmit  Lak*,  Kaiojuko  Co.antj,  lod. 

originally  nearly  double  that.  The  lake  is  said  to  have  an  average 
depth  of  about  30  feet  with  water  running  up  to  60  feet  in  depth. 
A  row  of  soundings,  %h  oar  strokes  apart,  on  a  line  starting  on  the 
west  shore  and  running  east  along  the  center  of  section  25,  gave  the 
following  depths  of  water  in  feet:  20,  40,  48,  54,  56,  GO,  58,  42, 
36,  36,  42,  Z%,  32,  26,  22,  29,  27,  38,  24,  10.   'Hie  oatlet  leaves 
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the  northwestern  corner  and  flows  northwesterly^  passing  through 
Hilford  or  Wabee  Lfike^  finally  emptying  into  Turkey  Creek.  A 
wooded  island  with  an  area  of  about  two  acres  rises  in  the  east- 
central  part  of  the  lake.  It  is  now,  since  the  lake  was  lowered, 
connected  by  marsh  with  the  south  bank. 

Around  much  of  the  lake  is  a  belt  of  flat  land  flanked  by  rather 
abrupt  banks.  Along  the  east  half  of  the  north  shore  these  banks 
rise  into  wooded  hills  50  or  more  feet  in  height.  A  flat  marshy 
area  eight  to  12  rods  in  width  lies  between  the  base  of  these  hills 
and  the  water's  edge.  Toward  the  northwest  this  marshy  area  be- 
comes from  20  to  40  rods  wide.  At  the  northwest  comer  it  narrows 
again  to  10  rods  or  less.  Along  the  north  half  of  the  west  shore 
the  marsh  area  runs  from  five  to  15  rods  in  width  with  a  level  area 
10  feet  higher,  back  of  the  marsh.  The  south  half  of  the  same 
shore  has  the  marsh  area  narrower  with  low  wooded  banks  coming 
close  to  the  water.  The  marsh  area  on  the  south  side  is  much  more 
extensive,  running  back  in  places  nearly  60  rods  from  the  edge 
of  the  water.  Above  the  level  of  this  flat  rise  two  small  hills,  the 
one  farthest  east  being  connected  with  the  higher  main  land  by  a 
fine  example  of  esker.  This  marshy  flat  on  the  south  extends  around 
the  southeast  corner  of  the  lake  and  forms  the  south  half  of  the 
cast  shore.  The  north  half  of  the  east  shore  has  high  wooded  hills- 
with  their  bases  close  to  the  water's  edge,  gravel  banks  intervening, 
the  gravel  forming  tho  bottom  of  the  lake  100  to  200  feet  out  from 
shore  in  10  to  15  feet  of  water. 

From  the  hills  to  the  north  the  view  over  the  lake  is  a  pretty  one, 
and  before  its  level  was  lowered,  was  probably  m\ich  more  attractive. 
With  the  exception  of  rushes,  the  amount  of  aquatic  vegetation  in 
the  present  water  area  is  limited.  As  a  fishing  resort  the  lake  is 
noted,  and  many  people,  even  in  a  region  where  lakes  are  abundant, 
beek  its  waters  to  try  their  luck  in  pursuit  of  the  finny  tribe. 

Marl. — Near  the  southwest  comer  there  is  an  unusually  large 
stretch  of  bare  marl  of  which  no  bottom  could  be  found  with  16-foot 
drill,  until  well  outside  the  former  shore  line  and  but  a  short  dis- 
tance from  the  abrupt  bank.  An  agent  of  the  owners,  The  Indiana 
Portland  Cement  Company,  claims  that  over  much  of  this  area  it 
was  impossible  to  reach  bottom  with  a  28-foot  auger.  Within  the 
old  shore  line  the  marl  is  bare,  soft  and  of  good  quality.  Outside 
the  shore  line  it  tends  to  be  covered  with  muck  reaching  a  maxi- 
mum depth,  as  far  as  tested,  of  two  and  a  half  feet.  It  is  said 
that  the  marl  extends  around  the  southeast  side  of  the  lake  in  a 
similar  manner,  underlying  a  large  part  of  the  flat  belt;  also  that 
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it  underlies  a  large  marsh  south  of  the  two  islands  and  esker  men- 
tioned above,  being  underlain  with  more  or  less  muck.  The  shallow 
water  area  along  the  north  half  of  the  east  shore  is  underlain  with 
gravel.  At  the  boat  house  on  the  north  shore,  at  (A),  a  short  dis- 
tance west  of  the  north-south  township  line,  the  marl  is  15  feet 
thick  at  the  water's  edge,  and  thins  out  gradually  in  the  narrow 
marsh  between  there  and  the  base  of  the  hills,  being  seven  feet  thick, 
50  feet  back.  Twenty  rods  west,  and  200  feet  out  from  shore  in 
four-foot  water,  the  marl  was  but  one  foot  thick  with  gravel  beneath. 
The  low  area  northwest  of  the  boat  house  widens  in  places  to  20 
rods  and  most  of  its  surface  is  formed  of  gravel.  Beneath  all  water 
up  to  five  feet  in  depth  opposite  this  gravel  plain  the  marl  runs 
from  one  to  10  feet  in  thickness.  At  (B),  about  60  rods  west  of 
the  boat  house,  marl  begins  to  replace  the  gravel  on  the  marsh  north 
of  the  lake.  At  the  water's  edge  the  marl  is  18+  feet  thick,  but  back 
10  rods  it  has  thinned  to  six  feet,  and  five  rods  farther  back,  to  two 
feet. 

West  of  this  along  shore  the  marl  runs  from  0  up  to  eight  feet 
in  two-foot  water;  while  in  two  bores  in  five-foot  water  it  was  respec- 
tively 10  feet  and  one  foot  thick.  There  is  not  more  than  12  to 
15  acres  of  marsh  marl  north  of  the  west  half  of  the  north  shore, 
and  over  this  the  marl  rims  in  thickness  from  two  to  14  feet  with 
an  average  of  perhaps  10  feet.  Between  (C)  and  (D)  a  gravel  ridge 
20  rods  wide  lies  between  the  main  marsh  area  and  the  water. 
Out  from  (C)  beneath  five-foot  water  the  marl  was  10  feet  thick 
with  gravel  beneath,  while  opposite  (D)  in  six-foot  water  150  feet 
out  it  was  but  one  toot  thick.  Between  (D)  and  (E)  the  shallow 
water  area  is  underlain  by  marl  running  from  nine  feet  thick  in 
three-foot  water  to  14  feet  in  six-foot  water  with  gravel  beneath; 
the  six-foot  water  line  averaging  about  150  feet  out  from  shore. 
At  (E),  near  the  extreme  northwest  corner  of  the  water  area,  the 
marl  runs  15+  feet  thick  in  three  feet  of  water,  25  feet  out  from 
shore.  Twenty-five  rods  southeast  of  this  corner  the  water  is  21 
feet  deep.  Along  most  of  the  north  half  of  the  west  shore  the 
shallow  water  area  is  not  more  than  50  feet  wide.  The  marl  beneath 
water  three  feet  and  more  deep  was  everywhere  beyond  the  reach 
of  auger.  Ovojthe  narrow  marsh  area  bordering  this  shore  the  marl 
runs  from  six  to  15  feet  in  depth.  There  are  perhaps  10  acres  of 
this  marsh.  The  south  half  of  the  west  shore  was  not  tested.  At  (F) 
on  the  north  side  of  the  island  the  marl  was  17+  feet  thick  in  one 
foot  of  water. 
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There  is  perhaps  40  acres  of  shallow  water  and  marsh  marl  along 
the  north  and  west  sides  of  the  lake.  The  greater  portion  of  the 
present  water  area  is  over  10  feet  in  depth.  The  area  of  marsh  marl 
on  the  south  side  is,  however,  of  suflBcient  size  and  thickness  to 
f»npply  a  factory  for  many  years.  The  company  owning  the  deposit 
propose  to  work  it  in  connection  with  that  of  Milford  Lake,  connect- 
ing the  two  by  an  electric  tramway,  and  locating  the  factory  near 
the  Michigan  Division  of  the  Big  Four  Railway  just  west  of  Milford 
Lake. 

The  quality  of  the  marl  in  Dewart  Lake  appears  good.  That  in 
the  south  marsh  is  better  than  that  along  the  north  and  west  shores. 
An  analysis  of  a  sample  from  the  south  marsh,  made  for  the  company 
by  Mr.  A.  W.  Burwell,  of  Cleveland,  showed  the  following  percentage 
composition : 

Calcium  carbonate  (CaCo,) 92.35 

^Magnesium  carbonate  (MgCo,) 3.54 

Ferric  oxide  (Fe,0,)  and  alumina  (A1,0,) 53 

Insoluble  inorganic  matter  (silica,  etc.) 2.00 

Organic   matter 2.12 

Total 100.54 

An  analysis  made  by  Dr.  Noyes  of  an  average  sample  collected 
by  Mr.  Blatchley  along  the  north  and  east  shores  resulted  as  follows: 

Calcium  carbonate  (CaCo,) 84.24 

Magnesium  carbonate  (MgCo,) 2.85 

Ferric  oxide  (FejO,) 30 

Alumina    (A1,0,) 18 

Insoluble  inorganic  matter  (silica,  etc.) 4.52 

Organic    matter 5.02 

Total   97.11 

One  is  more  likely  to  get  foreign  organic  and  inorganic  matter 
mixed  with  a  sample,  when  the  latter  is  made  up  of  many  samples 
scraped  off  from  the  auger,  than  where  the  sample  is  taken  carefully 
from  one  or  two  localities  in  a  marsh  deposit.  An  average  of  the 
above  two  analyses  will,  therefore,  perhaps,  show  more  justly  the 
average  composition  of  the  entire  Dewart  Ijake  deposit.  Such  an 
average  makes  the  percentage  of  carbonate  of  lime  88.29,  which 
ife  about  what  the  average  Indiana  marl  will  run. 

*In  the  analyais  furnlBhed  the  company  the  maffnesiam  oxide  was  given  as  1.69.  This 
{■  eqaal  to  SM  per  cent,  of  maffnesium  carbonate,  the  form  in  which  the  magneaia  really 
•xiitfl. 


BBPOBT  or  BTATB  aSOLOOlHl. 


MILFORD  OB  WABEH  LAKE. 


WORKiBLB    DBF08IT. 


Milford  Lake  lies  three-fourths  of  &  mile  southeast  of  the  town 
of  Milford  in  sections  16,  81  and  2S  (34  north,  6  east).  It  is  a  little 
over  a  quarter  of  a  mile  from  the  Michigan  Division  of  the  Big  Four 
Uailway,  and  about  two  miles  south  from  the  B.  &  0.  Hallway.  The 
lake  has  an  area  of  about  175  acres  and  an  extreme  depth  of  52  feet. 
A  small  and  very  pretty  island  occurs  in  the  southeaat  part  of  the 
lake.  Around  the  lake  on  the  south,  west  and  northwest  is  a  con- 
siderable area  of  flat  land  much  of  which  is  well  underlain  by  marl. 
In  places  on  the  north  this  land  rises  four  to  six  feet  above  the 
present  water  level.  The  inlet  is  from  Dewart  Lake  and  enters  the 
eastern  end.  The  outlet  leaves  the  northwest  comer  and  flows 
northwesterly  into  Turkey  Creek,  a  tributary  of  the  Elkhart  River. 
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Fif.  IT.    U>p  of  Milford  Liks,  Koieioiko  Count)',  Ind. 

U  is  said  that  surveys  show  that  by  ditching  the  outlet  it  will 
be  possible  to  largely  drain  the  lake.  Soundings  along  a  line  run- 
ning east  from  the  boat  house  at  the  west  end,  and  taken  at  intervals 
of  85  oar  strokes  apart  showed  the  following  depths  in  feet:  15,  36, 
42,  46,  48,  44.  The  water  is  blue  and  clear,  and  appears  free  from 
s'.'diment  or  organic  matter.  Along  the  north  shore,  about  50  feet 
out,  the  bottom  drops  down  rapidly.  Bast  of  the  island  250  feet, 
the  water  is  48  feet  deep  again.  A  belt  of  muck  three  to  five  rods 
wide  fringes  the  shore  on  the  eastern  half  of  the  north  side.  On 
the  east  end  the  rushes  extend  out  100  to  200  feet  from  shore.  The 
bottom  then  shelves  into  deep  water.    On  the  southeast  shore  the 
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muck  banks  rise  five  feet  above  the  water,  and  the  bottom  is  of  sand 
50  to  76  feet  out  from  their  base.  The  remaining  portion  of  the 
south  shore  is  bordered  with  a  strip  of  marsh  20  to  40  rods  wide 
and  the  shallow  water  area  is  about  15  rods  in  width,  when  the  bot- 
tom shelves  as  in  other  places. 
This  lake  and  the  surrounding  marsh  is  owned  by  the  Indiana 

Portland  Cement  Company  of  Detroit,  which  contemplates  working 
the  deposit  of  marl  extensively  in  the  near  future  in  connection  with 
that  of  Dewart  Lake. 

Mabl. — In  the  mouth  of  the  outlet  the  marl  is  18+  feet  thick 
beneath  about  eight  inches  of  muck.  In  the  south  half  of  section  16 
there  is  a  large  area  of  flat  land  underlain  by  marl.  The  marl  runs 
out  at  the  edge  of  this  flat  area  but  toward  the  lake  thickens  rapidly 
to  beyond  reach  of  drill.  Except  on  the  east  side,  all  tests  made  with 
18-foot  drill  around  the  lake  and  at  the  shore  nowhere  found  the  bot- 
tom of  the  marl.  Beneath  the  muck  banks  on  the  north  side  of  the 
lake  the  marl  shows  two  to  three  feet  above  the  water.  On  the  east 
side  the  bottom  is  of  muck  for  100  to  200  feet  from  shore.  Over  the 
marl  in  the  marshes  outside  of  the  lake  there  is  usually  a  foot  or  two 
of  muck,  but  at  one  or  two  places  it  is  said  to  run  up  to  a  maximum 
of  four  feet.  The  marl  everywhere  appears  to  be  very  white  with  a 
distinctly  granular  grain.  In  places  along  the  water's  edge  were 
many  of  the  lime  j>ebble8  similar  in  appearance  to  those  found  in 
I>ake  James,  Steuben  County.  These  pebbles  appear  to  have  a  con- 
cretionary structure,  with  often  a  bit  of  shell  at  the  center. 

TIPPBCANOB  LAKE. 
Labob  Workable  Deposit. 

This  is  the  second  largest  lake  in  Kosciusko  County,  and  the  fifth 
largest  in  Indiana.  Its  extreme  length  is  about  four  and  a  half  miles 
and  its  greatest  width  a  little  more  than  half  a  mile.  It  occupies 
parte  of  sections  6,  7,  8,  9,  16,  17  and  18  (33  north,  7  east)  and  sec- 
tions 1,  11  and  12  (33  north,  6  east),  Tippecanoe  and  Plain  Town- 
ships. The  general  trend  of  the  lake  basin  is  from  southeast  to  north- 
west, and  the  total  water  area  is  1.61  square  miles.  The  basin  of 
the  lake  is  divided  into  three  parte.  The  most  eastern,  known  as 
James  I>ake,  has  an  area  of  about  one-half  square  mile,  and  is  con- 
nected with  the  much  larger  central  basin  by  a  channel  about  200 
yards  long  by  150  feet  in  width.  The  western  basin — Oswego  Lake — 
lies  adjacent  to  the  town  of  ihe  same  name,  and  has  an  area  of  only 
30  acres. 
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The  lake  receives  two  streame  of  importance.  Tippecanoe  Eiver, 
after  flowing  through  Webster  Lake^  a  mile  distant  to  the  east,  enters 
the  eastern  end  of  James'  Basin  and  flows  through  the  full  length 
of  the  lake,  leaving  it  at  the  western  extremity  of  Oswego  Basin^ 
Grassy  Creek,  the  outlet  of  the  Barbee  Lakes  to  the  south,  enters  the 
middle  basin  near  its  extreme  southwestern  comer.  Numerous 
springs  also  add  to  the  waters  of  the  lake,  either  by  bubbling  up  from 
its  bottom  or  entering  near  the  rim  of  its  basdn.  The  water  of  the 
lake  is  said  to  vary  in  level  more  than  four  feet  at  different  seasons 
of  the  year.  The  basin  of  the  lake  is  but  a  widening  of  the  channel 
of  the  Tippecanoe  Eiver  and  this  doubtless  cau€»es  a  greater  variation 
in  the  water  level  than  would  otherwise  occur.  On  June  19th^  1900, 
the  water  was  eight  inches  higher  than  on  June  8th,  while  on  the 
night  of  the  21st  an  extremely  heavy  local  rain  raised  it  flve  inches 
more. 

Tippecanoe  Lake  enjoys  the  distinction  of  being  the  deepest  of 
the  Indiana  lakes,  a  maximum  depth  of  121  feet  having  been  found  by 
Messrs.  Large  and  Fisher  near  the  center  of  the  main  basin.  The 
greater  part  of  James  Lake  is  between  30  and  62  feet  in  depth.  The 
contour  lines  of  the  accompanying  map  show  the  depths  of  the  various 
portions  of  the  basin. 

This  lake  is,  at  present,  more  nearly  in  its  natural  state  than  any 
other  of  the  larger  lakes  of  Indiana.  But  few  cottages  are  found 
along  its  shores.  No  damming  or  draining  have  in  any  way  affected 
it.  Its  shore  line  of  12|  miles  is  largely  bordered  by  timber  land. 
Especially  is  this  true  on  the  east  and  north  shores,  where  the  wooded 
bluffs  rise  in  most  places  between  20  and  40  feet  above  the  water  level. 
Some  fine  sites  for  cottages  are  found  on  these  bluffs,  especially  on 
those  along  the  east  shore  of  James  I^ake  and  south  of  Frazer's  Land- 
ing on  the  same  shore  of  the  main  lake.  The  shallow  water  area  is 
not  wide  except  on  the  north  shore  between  Frazer's  Landing  and  the 
channel  opening  into  Oswego  Basin;  on  the  south  shore  between  Gov- 
ernment Point  and  the  mouth  of  Grassy  Creek,  and  around  the  east- 
ernmost bay  of  the  main  basin.  Especially  does  the  bottom  of  James 
Ijake  shelve  off  rapidly  beneath  deep  water,  the  only  shallow  water 
areas  of  any  size  being  opposite  the  inlet  of  Tippecanoe  Kiver  and 
along  the  north  side  of  the  east  shore.  In  the  channels  connecting 
the  three  basins  the  water  runs  from  two  to  four  feet  in  depth.  The 
amount  of  marsh  land  around  the  lake  is  very  limited  in  area  and 
muck  bods  of  large  size  occur  only  in  the  vicinity  of  the  mouths  of 
the  two  inlets  and  in  Oswego  Lake. 
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The  waters  of  the  two  upper  bafiins  are  remarkably  free  from 
aquatic  vegetation,  while  those  of  Oswego  Lake  are  full  of  it.  In 
Jamee  Lake  the  muddy  area  apposite  the  entramce  of  the  Tippecanoe 
River  is  prolific  in  pond- weeds  (Potamogefon),*  hladderwort  (Utri- 
cularia)  and  water- weed  (Philotria),  while  two  or  three  species  of 
rushes  ( Scirpus)  occur  in  numbers,  skirting  the  outer  margin  of  the 
shallow  water  areas  in  other  places.  The  channel  between  James  and 
the  main  basin  has  only  its  middle  third  open,  the  shallow  water  along 
the  sides  being  filled  with  dense  masses  of  pond- weeds,  spatterdock 
and  white  pond  lilies,  the  root  stalks  of  which  are,  in  many  instances, 
four  or  five  inches  in  diameter  and  washed  bare  and  shining.  The 
Indians  formerly  used  Lhese  stalks  for  food,  roasting  them  in  pits 
lined  with  boulders,  the  remains  of  many  such  pits  being  found  about 
the  lake,  especially  on  the  south  shore  near  "Indian  Furnace'^  Point. 
In  Oswego  Lake,  waterweed,  pondweeds,  bladderwort,  white  water 
lilies,  water-shield,  duck-meat  and  many  other  aquatic  plants  flourish 
abundantly,  while  along  the  marshy  margin  are  many  muck-loving 
forms,  as  cat-tails,  spatterdock,  arrow-arum,  pickerel-weed,  etc.  The 
decay  of  these  plants  is  gradually  forming  muck  and  filling  up  this 
portion  of  the  lake,  so  that  it  will  be  but  a  few  years  until  it  is  a  vast 
morass  or  muck  meadow  with  the  deeper  channel  of  the  Tippecanoe 
River  passing  through  its  center.  The  water  area  of  the  two  main 
basins  is  being  encroached  upon  only  opposite  the  inlets  and  in  a  few 
places — as  in  the  southwest  corner  of  James  Lake — along  the  borders 
of  the  marshes. 

MOLLDSCA   OF  TiPPECANOE  LaKE. 

The  molluscan  fauna  of  Tippecanoe  I^ke  is  a  rich  one.  This  is 
due  largely  to  the  fact  that  the  Tippecanoe  River  flows  through  the 
lake,  as  many  thick-shelled  Unios  not  usually  found  in  lakes  have 
been  thereby  introduced.  The  following  is  a  list  of  the  shells  noted 
in  the  lake  by  the  writer  or  mentioned  as  being  found  therein  by  Dr. 
Call  in  his  numerous  papers  on  Indiana  mollusca.  Careful  collecting 
would  doubtless  bring  to  light  many  other  species. 

*The  species  of  pond  weed  taken  in  James  Basin  of  Tippecanoe  Lake  have  been  iden- 
tified since  the  description  was  in  press,  and  are  as  foHows:  Potamogeton  natam  It  ;  P. 
afnp2t/o/ttt«  Tockerm.:  P.  heterophyllua  Schrth.;  P.lucen»  L.;  P./oUohus  niagarensi*  (Tnok- 
erm.):  P,peetinatu»  L.  and  F.frie»ii  Ruprecht. 
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UKIYALYXB. 

1.  lAmnapkym  palustris  Muller.     Gommon. 

2.  Physa  gyrina  Say.     Common. 

3.  PlanorbtUa  eampanuUUa  Say.     Common. 

4.  Helisoma  trivolvis  Say.     Common. 

5.  Amnicola  porata  Say.     Frequent. 

6.  Valvata  tricarinata  Say.     Scarce. 

7.  Oampdoma  rufum  Hald.     Frequent. 

8.  Pleurocera  mbuUire  Lea.     Abundant. 

9.  Geniobasia  puleheUa  Anthony.     Abundant. 

BIVALVSS. 

10.  Unio  gihbo8U8  Barnes.     Frequent. 

11.  Unio  phaseolus  Hildreth.     Scarce. 

12.  Unio  iris  Lea.     Common. 

13.  Unio  mbrostraiua  Say.     Common. 

14.  Unio  fabalis  Lea.     Common. 
16.  Unio  hdeclus  Lam.     Abundant. 

16.  Unio  mtdtiradiatus  Lea.     Scarce. 

17.  Unio  trigonus  Lea.     Common. 

18.  Anodonta  edentula  Say.     Frequent. 

19.  Anodonta  grandia  Say.     Common. 

20.  Anodonta  footiana  Lea.     Frequent. 

Fishes  of  Tippecanoe  Lake. 

The  following  27  species  of  fishes  were  taken  in  Tippecanoe  Lake 
by  the  students  of  the  Indiana  Biological  Station  at  Wawaaee  Lake 
in  the  summer  of  1895:* 

1.  Polydon  apathida  Walbaum.f     Spoon-bill  Cat. 

2.  Lepiaosteus  ossetLS  L.     Common  Grar-pike. 

3.  Amia  calva  L      Mud-fish ;  Dog-fish. 

4.  Ameiurus  ncUalis  Le  S.     Yellow  Cat. 

6.     Amieurus  nebvlosua  Le  S.     Common  Bullhead. 

6.     Ictiobm  cyprineUa  Cuv.  and  ValJ     Common  Buffalo  Fish. 


^Thia  Hat  is  extracted  from  a  general  list  of  the  fishea  of  the  region  by  Dr.  C.  H.  Eigen- 
mann,  in  the  Proceeding8  of  the  Indiana  Academy  of  Science,  1895,  p.  253. 

tAccording  to  Capt.  B.  F.  James,  a  specimen  of  this  fish  weighing  153  pounds  has  been 
taken  in  the  lake. 

I  This  species  is  not  given  in  Dr.  Eigenmann's  list,  but  Capt.  James  assures  me  that 
specimens  of  a  buffalo  fish,  some  of  which  weighed  90  pounds,  hare  several  times  been 
taken. 
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7.  Erimyzon  dvjcetta  obUmgus  Mitch.     Sweet  Sucker ;  Chub  Sucker. 

8.  Pimephalei  notatus  Raf.     Blunt-nosed  Minnow. 

9.  Notrapis  heterodon  Cope.     Variable-toothed  Minnow. 

10.  Notropis  hvd9onius  Clinton.     Spawn-eater. 

11.  Notropii  megalops  Raf.     Common  Shiner. 

12.  Notemigonus  chrysoleucus  Mitch.     Golden  Shiner. 

13.  Ooregonus  artedi  dsco  Jor.     Cisco. 

14.  Zygoneetes  dispar  Agassiz      Top  Minnow. 

15.  Lucius  vermieulatvs  Le  S.     Little  Pickerel. 

16.  Labidesthes  sicculus  Cope.     Brook  Silverside. 

17.  Ambloplites  rupestrU  Raf.     Rock  Bass ;  Red  Eje. 

18.  Chcenobryttus  gidosus  Cuv.  and  Val.     War-mouth. 

19.  Lepomis  pallidum  Mitch.     Blue  Oil). 

20.  Lepomis  gihboms  L.     Common  Sunfish. 

21.  Micrapterus  dolamieu  Lac^pMe.     Small-mouthed  Black  Bass. 

22.  Micrapterus  scdmoides  Lac^p^de.     Large  mouthed  Black  Bass. 

23.  Etheostoma  nigrum  Raf.     Johnnj  Darter. 

24.  Etheostoma  caprodes  Raf.     Log  Perch. 

26.  Etheostoma  aspro  Cope,  and  Jor.     Black-sided  Darter. 

26.  Etheostoma  iowcB  Jor.  and  Meek.     Iowa  Darter. 

27.  Ferea  flavescens  Mitch.     Yellow  Perch. 

28.  Roccus  chrysops  Raf.     White  Bass. 

The  following  species  of  turtles  were  observed  while  investigating 
the  marl  deposits.  Three  or  four  additional  species  undoubtedly 
occur: 

Aspidoneetes  spinifer  (Le  S.).     Common  Soft-shelled  Turtle. 
Gkdydra  serpentina  (L.).     Common  Snapping  Turtle. 
Aromochelys  odoratv^  (h2Xtei\\^),     Musk  Turtle;  Stink-pot. 
MdLademmys  geographicus  (Le  S.).     Map  Turtle. 
Chrysemys  marginata  (Agassiz).     Ladj  Turtle. 

Several  specimen  of  the  lady  turtle  were  found  June  20th  in  a  high, 
sandy  cultivated  field,  250  yards  from  any  water.  They  were  evidently 
seeking  nesting  places. 

At  present  Tippecanoe  Lake  offers  exceptional  advantages  to  the 
fisherman  in  search  of  a  quiet  retreat.  On  its  wooded  bluffs  he  can 
pitch  his  tent  with  no  fear  of  invading  the  privacy  of  some  cottager. 
Over  its  deeper  pools  he  can  troll  or  cast  for  black  bass,  with  the  as- 
surance that  he  will  cause  that  gamy  denizen  to  rise  and  strike;  or 
alongside  the  weed-covered  bars  in  water  of  medium  depth  he  can, 
at  times,  pull  in  the  blue-gill,  cat-fish,  ringed  perch  and  war  mouth 
as  fast  as  he  can  bait  the  hook.    If  he  tires  of  fishing  and  wishes  ex- 
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ercise,  he  can  row  full  nine  miles  up  and  down  the  lake  itself,  or,  by 
]>ulling  his  boat  up  the  weedy  waters  of  Grassy  Creek,  can  enter  the 
Jiarl^ee  lakes  and  add  another  eight  miles  to  the  rowing  stretch.  All 
in  all,  no  better  fishing  and  boating  resort  ejcists  in  Indiana  than  is 
found  along  this  picturesque  chain  of  lakes. 

Marl. — The  two  larger  basins  of  Tippecanoe  Lake  contain  exten- 
sive deposits  of  marl  of  an  excellent  quality.  Elspecially  is  this  true 
of  James  Lake,  which  is  everywhere,  except  over  a  small  area  in  the 
extreme  northwestern  comer,  underlain  with  a  thick  bed.  At  James' 
boat  house  on  the  south  shore  the  marl  is  three  feet  thick  in  two  feet 
of  water,  while  150  feet  northwest  it  is  17>  feet  thick  in  four  feet 
of  water.  At  the  three- foot  water  line  around  the  entire  south  and 
west  sides  it  runs  15  or  more  feet  thick,  while  in  most  places  it  is 
that  thick  at  the  margin  of  the  marsh  forming  the  shore,  in  lees  than 
one  foot  of  water.  The  marsh  area  west  of  James'  Landing  com- 
prises about  30  acres.  At  the  edge,  beneatli  one  foot  of  muck,  the 
marl  is  20+  feet  thick,  while  175  feet  back  it  is  practically  of  the  same 
thickness.  The  marsh  east  of  the  landing  is  of  smaller  size,  and  70 
feet  back  from  shore  the  marl  is  12  feet  thick  beneath  three  feet  of 
muck  and  is  underlain  with  gravel. 

In  the  extreme  southeast  comer  of  James'  Lake,  opposite  the  Tippe- 
canoe Inlet,  muck  replaces  the  marl  over  an  area  of  10  acres,  but 
elsewhere  the  marl  was  18+  feet  beneath  the  three-foot  water  line. 
Along  the  south  third  of  the  east  shore  gravel  or  blue  clay  underlies 
the  marl  in  the  shallower  water,  the  marl  in  places  being  12  feet  thick 
at  the  five-foot  water  line  and  10  feet  thick  at  the  four-foot  water 
line.  Opposite  the  middle  third  of  the  east  shore  is  a  liarge  area  of 
shallow  water  marl  which  is  everywhere,  except  close  into  shore,  over 
15  feet  thick.  In  the  extreme  western  end,  north  of  the  entrance  to 
the  channel  leading  into  the  main  lake,  the  bottom  is  of  gravel  in  all 
water  less  than  six  feet  in  depth. 

In  quality  the  marl  of  James  Lake  is  above  the  average  of  Indiana 
marls.  An  analysis  of  an  average  sample  by  Dr.  Noyes  shows  its 
chemical  constituents  to  Ix?  us  follows: 

( 'alcium  carbonate  (CaCOs) 90.<>7 

Magnesium   carbonate   (MgCOj) 2.42 

Alumina    (A1,0,) (Hi 

Fenic  oxide  (Fe^O,) 2(> 

Insolul)le  inorganic  matter  (silica,  etc.j 2.48 

Organic    matter 2.87 

Total   98.7t5 
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The  middle  of  the  channel  connecting  James  Lake  and  the  main 
basin  of  Tippecanoe  Lake  is  underlain  with  marl  16+  feet  in  thick- 
ness, but  along  the  sides,  beneath  the  thick  growth  of  spatterdock, 
muck  only  occurs.  All  water  four  feet  deep  and  more  in  the  large 
shallow  water  area  immediately  below  the  channel  overlies  marl 
10  or  more  feet  in  thickness.  Along  the  east  shore,  between  the  inlet 
and  Wild  Cat  Point  at  (H),  a  number  of  bores  found  17+  feet  of  marl 
beneath  three  to  four  feet  of  water  200  feet  from  shore.  One  hundred 
yards  southeast  of  the  Point,  it  was  20+  feet  deep  at  the  shore  in  six 
inches  of  water,  but  was  rather  dark  in  color.  Between  Wild  Gait 
Point  and  Black's  Jjanding  the  bottom  close  to  s-hore,  in  one  to  three 
feet  of  water,  is  mostly  of  sand.  The  marl  sets  in  a  little  farther  out, 
beneath  four-foot  water,  being  two  feet  thick,  while  beneath  six 
feet  and  more  of  water  its  bottom  was  everywhere  beyond  reach  of 
18-foot  auger.  Between  Black's  and  the  east-west  township  line  at 
(G)  the  area  of  sand  covered  bottom  is  wider,  but  the  marl  is  usually 
10+  feet  thick  beneath  at  least  half  the  water  under  eight  feet  deep. 
Just  north  of  the  township  line,  the  bottom  is  of  sand  or  blue  sticky 
mud  as  far  as  (K)  beneath  all  water  less  than  six  feet  in  depth,  but 
in  water  6+  feet  deep,  the  bottom  of  tlie  marl  deposit  was  seldom 
reached.  Below  (K)  marl  sets  in  and  varies  from  four  to  11  feet  in 
thickness  at  the  six-foot  water  line  until  Frazer's  Landing  is  reached. 
West  of  this  landing,  along  the  north  shore,  the  marl  thickens  and 
is  of  better  quality.  At  the  three-foot  water  line  50  to  150  feet  from 
shore  it  rims  10  to  14  feet  in  thickness  with  sand  beneath,  while  at 
the  six-foot  line,  200  to  425  feet  from  shore,  it  was  everywhere  beyond 
reach  of  drill.  Dog-Tail  Bay,  a  wide  stretch  of  shallow  water  at  the 
northwest  comer  of  the  lake,  is  all  underlain  with  a  bed  of  marl  15+ 
feet  thick.  The  channel  opening  into  Oswego  Lake  has  marl  14 
feet  thick  along  the  full  length  of  its  bottom.  In  Oswego  Lake  the 
marl  thins  down  to  about  an  average  of  eight  feet  with  muck  two  to 
four  feet  deep  over  most  of  it. 

Passing  back  along  the  south  and  west  shores  of  the  main  lake, 
we  foimd  the  marl  over  most  of  the  shallow  water  area  between  (L) 
and  (M)  to  be  thin  and  of  poor  quality.  It  runs  from  two  to  eight 
feet  thick  in  four  to  six  feet  of  water,  while  close  to  shore  sand  bottom 
only  occurs.  Between  (M)  and  Indian  Furnace  Point,  the  bottom 
shelves  abruptly  into  deep  water  and  there  is  little  if  any  available 
marl. 

South  of  the  Furnace  Point  the  shallow  water  widens  again,  and  the 
six-foot  water  line,  as  far  as  Government  Point,  is  underlain  with  a 
10+-foot  bed  of  marl,  which  thins  down  to  one  foot  or  less  before  the 
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shore  is  reached.  From  Qoveminent  Point  south  nearly  to  the  inlet 
of  Grassy  Creek  is  a  shallow  water  area  comprising  80  or  more  acres 
over  which  the  marl  is  everywhere  17+  feet  thick.  Close  in  shore 
there  is  some  muck  above  it,  but  in  most  places  it  is  bare  and  of  ex- 
cellent quality.  This  is  the  largest  shallow  water  deposit  in  the  lake. 
For  some  distance  on  either  side  of  Grassy  Creek  inlet  there  is  a  thick 
delta  of  muck  which  reaches  out  200  or  more  feet  into  the  lake.  Be- 
neath this  muck  the  marl,  however,  occurs,  and  between  the  inlet  and 
the  channel  at  (P)  it  runs  from  six  to  17+  feet  thick  beneath  all 
water  over  four  feet  in  depth,  while  in  water  less  than  four  feet  deep 
the  marl  deposit  is  variable,  being  in  some  places  wholly  lacking,  in 
others  one  to  five  feet  thick.  The  bed  of  Grassy  Creek  itself  contains 
more  or  less  marl,  one  bore,  300  yards  above  the  mouth,  showing  12+ 
feet  in  four  feet  of  water. 

An  analysis  of  an  average  sample  from  the  large  deposit  south  of 
Government  Point  gave  the  following  percentage  composition: 

Calcium  carbonate  (CaCo,) 91.02 

Magnesium  carbonate  (MgCo,) 2.28 

Alumina    (AljO,) — 

Ferric  oxide  (Fe,0,) 0.29 

Calcium  sulphate  (CaSoJ 0.05 

Insoluble  Inorganic  matter  (silica,  etc.) 2.92 

Organic    matter 2.10 

Total 98.66 

From  the  tests  made  there  is  little  doubt  but  that  most  of  the  deep 
water  of  the  two  main  basins  of  Tippecanoe  Lake  is  underlain  with  a 
thick  bed  of  marl  of  a  fine  quality.  The  acreage  of  that  now  in 
shallow  water  is  suflBcient  for  the  needs  of  a  large  cement  factory  for 
many  years,  but,  with  the  exception  of  the  large  bed  in  the  southwest 
part  of  the  main  lake,  it  is  strung  along  a  shore  line  of  great  length, 
thus  lessening  its  availability.  The  distance  from  a  railway  is  also  a 
drawback  for  immediate  development,  the  nearest  line  being  the  Mich- 
igan Division  of  the  Big  Four,  five  miles  to  the  westward.  It  would  be 
quite  difficult  to  drain  the  lake  so  as  to  increase  to  much  extent  its 
shallow  water  area,  and  it  is  best  that  it  is  so,  for  its  natural  beauty 
is  too  great  to  be  marred  by  drainage  for  the  sake  of  a  few  thousand 
(1  (►liars,  which  might  be  obtained  from  the  marl  beds  on  its  bottom. 
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WEBSTER  OR  BOTD8TON  LAKE. 

Not  a  Wobkablb  Dkfcwit. 

This  lake  lies  juet  eaet  of  the  town  of  North  Webster,  in  sectitas 
10,  11,  13,  13  and  14  (33  north,  7  east),  Tippecanoe  Township.  It  is 
very  irregular  in  outline  and  was  formerly  a  group  of  two  or  three 
lakes,  having  a  maximum  depth  of  35  feet,  which  occupied  the  areas 
enclosed  by  dotted  lines  on  the  accompanying  map.  In  the  early  set- 
tlement of  the  country  these  lakes  were  surrounded  by  a  marsh  which 


reached  the  margins  of  the  present  lake,  and  there  is  little  doubt  but 
that  a  natural  lake  of  the  same  shayte  and  araa  of  the  present  partially 
artiUcial  on«,  once  existed  here.  About  1830  the  outlet  of  the  Tippe- 
canoe, which  flowrf  through  the  lake,  was  dammed  to  securt-  water 
I)owcr  for  a  grist  mill.  This  raised  the  water  seven  feet,  caused  it  to 
overflow  the  marsh  of  the  former  lake  basin  and  unite  into  one  body 
the  two  or  tiiree  existing  lakes.    The  "Backwat^/'  shown  on  the  map, 
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was  a  low  dry  tract  which  by  the  overflow  waa  covered,  with  water 
two  to  three  feet  in  depth. 

At  present  Webster  Lake  is  a  very  pretty  body  of  water,  with  an 
area  of  1.057  squaj«  njiles,  and  a  maximum  depth  of  43  feet.  Seven 
islands,  variable  in  size,  rise  above  its  surface  and  add  to  the  pictur- 
esqueness  of  its  scenery.  The  shores  are  varied  in  charaoter.  On  the 
west  they  are  composed  of  gravel  banks  20  or  more  feet  high  which 
slope  gently  down  to  the  water's  edge.  On  the  southweBt,  about  the 
outlet  of  the  Tippecanoe,  they  are  low  and  marshy,  On  the  south 
between  the  outlet  and  the  channel  leading  to  the  '^backwater,"  they 
rise,  from  a  gravelly  beach,  15  feet  above  the  water  and  are  prettily 
wooded  with  oak.  This  stretch  is  known  as  "Yellow  Banks,"  and  is 
a  popular  summer  resori;.  Several  cottages  are  already  located  and  a 
number  of  fine  sites  exist  for  others. 

East  of  the  channel  the  shore  is,  for  a  distance,  low  and  wooded, 
and  the  water  adjacent  to  it  in  places  contains  many  stumps  and 
roots  of  trees  which  were  cut  after  this  poridon  was  overflowed.  At 
"Miller's,"  on  the  east  side,  is  another  fine  cottage  site  which  is  par- 
tially occupied.  On  the  northeast  a  strip  of  marsh  land  20  or  more 
rods  wide  borders  the  shore.  It  is  in  places  a  quaking  bog — 10  to  12 
feet  above  the  water  level.  The  material  composing  the  higher  por- 
tions is  a  mixture  of  muck  and  marl  thrown  up  by  subterranean 
springs.  The  marsh  area  extends  down  along  the  west  side  of  the 
northeast  bay,  but  the  west  side  of  Eagle  Point  is  higher,  with  gravelly 
beach  and  bottom,  and  many  stumps  in  the  shallow  water  adjoining. 
Between  Big  Island  and  the  north  shore  is  quite  an  area  over  which 
the  water  is  from  15  to  25  feet  in  depth,  while  southeast  of  the  same 
island  is  the  deepest  portion  of  the  lake. 

The  more  shallow  waters  of  Webster  Lake  are  full  of  immersed 
aquatic  vegetation,  pondweeds,  bladderwort,  millfoils,  etc.,  being  very 
abundant.  The  channel  leading  to  the  'T)ack- water,"  as  well  as  the 
large  area  of  the  latter,  are  literally  filled  with  spatter-dock  and  white 
water  lilies,  while  the  rapidly  forming  muck  beds  about  their  margins 
produce  rank  growths  of  cat- tail  flags,  pickerel  weed,  arrow  heads, 
etc.,  thus  proving  the  statement  previously  made,  that  in  a  lake  which 
has  been  raised  by  damming,  aquatic  plants  flourish  more  luxuriantly 
than  in  one  unmodified  by  man. 

The  nunil>er  of  species  of  fish  in  the  lake  is  not  great,  but  the  indi- 
viduals are  numerous  and  grow  to  a  large  size  owing  to  the  abundance 
of  plant  food.  The  game  fishes,  bass,  blue-gills,  war-mouth  and  crop- 
pies, attract  fisjiermen  from  long  distances  and  their  visits  are  always 
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crowned  with  sucoess.    The  following  is  a  list  of  the  fishes  known  to 
occur  in  the  lake:* 

Amieurus  ncUalis  Le  S.     Yellow  Cat. 

Erimyzon  »uGetta  obUmg^us  Mitch.     Chuh  Sucker ;  Swtet  Sucker. 

Pimephcdes  notatus  Raf.     Blunt-nosed  Minnow. 

Notropis  heterodon  Cope.     Variable-toothed  Minnow. 

Notropis  megalops  Raf.     Common  Shiner. 

Hybopsis  kentuckienfis  Raf.     Horny-head. 

SemotUus  airoTnctcvlcUiis  Mitch.     Horned  Dace ;  Creek  C*hub. 

Notemigonus  chrysoleueus  Mitch.     Golden  Shiner. 

Zygonedes  dispar  Agassiz.     Top  Minnow. 

Umbra  limi  Kirtland.     Mud  Minnow. 

Lucius  vermiculatus  Le  8.     Little  Pickerel. 

Ambloplite$  rupestris  Raf.     Rock  Bass ;  Red  Eye. 

Chcenobryttvs  gvJbsus  Cuv.  and  Val.     War-mouth. 

Lepomis  cyandlm  Raf.     Green  Sunfish. 

Lepomis  pallidum  Mitch.     Blue  Gill. 

Lepomis  gihboms  L.     Common  Sunfish. 

Micropterus  dolomieu  Lac6p^de.     Small-mouthed  Black  Bass. 

Micropterus  salmoidea  Lac^p^de.     Large-mouthed  Black  Bass. 

Etheostoma  nigrum  Raf.     Johnny  Darter. 

Eihemtoma  caprodes  Raf.     Log  Perch. 

Etheostoma  aspro  Cope  and  Jor.     Black-sided  Darter. 

Etheo8toma  JlabeUare  Raf.     Fan-tailed  Darter. 

Etheostoma  iouxe  Jor.  and  Meek.     Iowa  Darter. 

Etheoiitoma  cceruleum  Storer.     Rainbow  Darter. 

Perca  Jlavescem  Mitch.     Yellow  Perch. 

R0CCU8  ehrysops  Raf,     White  Bass. 

Marl. — No  marl  worth  mentioning  occurs  in  shallow  water  in 
Webster  Lake.  Only  two  of  many  bores  put  down  in  water  under  10 
feet  in  depth  disclosed  marl.  One  in  eight-foot  water  250  yards  from 
shore  in  the  southwest  part  of  the  lake,  found  only  a  trace.  The  other, 
off  Eagle  Point  in  the  same  depth  of  water,  found  a  deposit  of  dark 
colored  marl  six  feet  in  thickness  beneath  three  feet  of  muck.  The 
deeper  portions  of  the  original  lakes  doubtless  possess  fair  beds,  but 
they  are  at  present  wholly  unavailable. 

C.  H.  Eigenmann,  Proc.  Ind.  Acad.  Sci.,  1895,  p.  253. 
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BARBEE  LAKES. 
Workable  Deposit. 

One  of  the  prettiest  groups  or  chains  of  lakes  in  Indiana  is  known 
collectively  by  the  above  name.  They  are  six  in  number  and  occupy 
parts  of  sections  20,  21,  26,  27,  28  and  29  (33  north,  7  east),  Tippeca- 
noe Township.  Their  inlet.  Grassy  Creek,  flowing  northwest  from 
Eidinger  Lake,  enters  the  extreme  southern  end  of  the  largest  of  the 
group,  Hamraon  Lake,  and  leaves,  as  their  outlet,  the  northern  ex- 
tremity of  the  smallest,  Mahie  Lake.  The  accompanying  map  of  the 
group,  platted  from  a  special  survey  by  Geo.  W.  McCarter,  of  Warsaw, 
shows  accurately  the  relation  of  the  lakes  one  to  another,  their  relative 
size,  etc. 

Where  the  public  road  crosses  Grassy  Creek,  at  the  lower  end  of 
jVfabie  Lake,  there  was  constructed,  about  1840,  a  dam  in  order  to 
secure  power  for  a  saw  and  grist  mill,  the  latter  being  at  Oswego,  three 
miles  northwest.  To  it  an  artificial  water  way  or  mill  race  10  feet 
wide  was  constructed.  This  dam  was  washed  out  in  February,  1857. 
During  its  existence,  the  waters  of  the  lakes  were  five  feet  higher  than 
now  and  Dan  Kuhn  and  Hammon  lakes  formed  one  imbroken  sheet 
of  water. 

Mabie  Lake,  the  lowest  and  smallest  of  the  group,  is  about  1,800 
feet  long  by  750  feet  wide  and  hae  an  area  of  a  little  more  than  30 
acres.  Its  bottom  is  mostly  of  muck  and  shelves  rapidly  on  all  sides 
into  12  to  15-foot  water,  the  maximum  depth  being  22  feet.  The 
shores  on  the  north,  east  and  south  are  low  and  marshy,  while  on  the 
west  they  rise  10  or  more  feet  above  the  water. 

Plew  and  Kuhn  lakes  occupy  long  and  najrow  parallel  basins  with 
a  strip  of  high  wooded  ground,  less  than  a  quarter  of  a  mile  wide, 
intervening.  The  first  named  is  the  larger,  being  over  three-quarters . 
of  a  mile  in  extreme  length  by  one-fifth  of  a  mile  in  width.  On  the 
east  and  north  the  banks  rise  15  or  more  feet,  a  narrow  strip  of  marsh 
lying  between  their  base  and  the  water.  The  other  shores  are  rather 
low  and  marshy.  The  greatest  depth  of  water  is  35  feet,  while  the 
area,  less  than  10  feet  in  depth,  is  small. 

Irish  Lake  is  the  second  in  size  of  the  group,  being  a  little  more 
than  three-quarters  of  a  mile  long  by  one-half  mile  in  greatest  width. 
The  greater  ])art  of  the  shore  line  is  low  and  marshy.  The  central 
part  of  the  north  shore  and  the  east  half  of  the  south  shore  are 
wooded  and  slope  gently  upward  and  backward  from  the  water.  At 
the  southwest  comer  there  is  a  large  area  of  muck  thickly  covered 
with  spatterdock  and  cat-tails.    This  extends  back  to  form  quite  a  bay. " 
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Fifteen  rods  east  of  the  west  shore  is  an  island  about  two  acres  in  area. 
It  is  covered  with  stumps,  rushes  and  cat-tail  flags,  and  rises  three  feet 
above  the  water  level.  The  shallow  water  area  of  Irish  Lake  is 
narrow,  except  along  the  east  half  of  the  north  shore,  where  it  extends 
out  200  yards  or  more  into  the  lake.  The  greatest  depth  of  water 
found  was  32  feet.  There  is  much  Chara  on  the  bottom  along  thle 
north  side,  and  many  aquatic  plants  flourish  luxuriantly  in  the  muck 
beds  about  the  island  near  the  west  shore. 

Kuhn  Lake,  180  rods  long  by  70  rods  wide,  is  surrounded  by  low 
banks  except  on  the  north,  where  they  rise  gradually  into  the  narrow 
ridge  separating  Kuhn  from  Plew  Lake.  Its  maximum  depth  July, 
1900,  was  34  feet. 

Hammon  Lake  is  the  largest  of  the  group,  its  extreme  length  from 
northeast  to  southwest  being  just  about  a  mile,  while  its  greatest 
width  is  a  little  more  than  three-fifths  of  a  mile.  Its  outline  is  quite 
irregular,  a  broad  strip  of  land  extending  into  its  basin  from  the  west. 
At  Hammonds  Park,  on  the  northeast  shore,  wooded  bluffs  rise  40 
or  more  foet  a  short  distanoe  back  from  the  water's  edge^  otherwise 
the  entire  shore  line  is  low  and  in  most  places  marshy.  There  are 
several  rather  large  areas  of  shallow  water  in  different  parts  of  tie 
lake,  but  the  greater  portion  of  the  water  runs  between  18  and  35 
feet,  while  42  feet  was  the  maximum  depth  sounded.  About  the  inlet 
of  Grassy  Creek,  extensive  beds  of  muck  are  slowly  encroaching  upon 
the  water  area.  On  their  sub-aqueous  portions  pond-weeds,  bladder- 
wort  and  other  immersed  plants  flourish  in  profusion  and,  by  their 
decay,  add  each  year  to  the  thickness  of  the  slowly  rising  bottom.  In 
this  portion  of  the  lake  are  also  large  numbers  of  water  lilies,  both 
white  and  yellow. 

The  ridge  separating  Dan  Kuhn  from  Hammon  Lake  is  about  200 
feet  wide  and  in  its  highest  portion  only  three  or  four  feet  above 
the  water  level.  It  is  covered  with  marsh  grasses  and  sedges  except 
about  the  old  channel  where  dense  thickets  of  cat-tail  flags  occur. 
This  natural  channel  near  the  north  end  of  the  ridge  is  now  choked 
with  vegetation,  but  a  new  artificial  one  has  been  cut  across  farther 
south  for  the  use  of  row  boats.  Dan  Kuhn  I^ake  is  a  little  more  than 
half  a  mile  long  by  one-quarter  of  a  mile  in  average  width.  It  is  the 
most  shallow  of  all  the  lakes.  The  average  depth  is  probably  less 
than  12  feet,  the  maximum  found  being  19  feet. 

The  Barbee  lakes  are  renowned  as  fishing  resorts.  The  species  oc- 
curring are  practically  the  same  as  in  Tippecanoe  Lake.  Irish  Lake, 
especially,  is  noted  for  the  number  and  size  of  the  large-mouthed 
black  bass  which  are  found  therein.     Two  club  houses  have  been 
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erected  by  disciples  of  Izaak  Walton  from  Anderson,  Indiana,  aiid  if 
their  tales  are  to  be  relied  upon,  each  season's  catch  is  certainly  phe- 
nomenal. 

Mahl. — A  fine  deposit  of  marl  exists  in  Dan  Kuhn  and  Hammon 
lakes.  A  large  area  along  the  west  side  of  the  former  is  covered  with 
water  from  one  to  three  feet  deep  beneath  which  no  bore  with  21-foot 
anger  found  the  bottom  of  the  bed  of  marl.  Around  the  north  and 
east  shores  there  is  16+  feet  everywhere  beneath  the  four-foot  water 
Lme,  150  feet  out.  Along  the  south  shore  in  five-foot  water  the  bed 
thins  down  to  eight  feet  with  sand  beneath.  The  quality  of  the  mttrl 
is  excellent. 

On  the  west  and  north  sides  of  Hammon  Lake  between  (A)  and  (B) 
the  bottom  of  the  marl  bed  could  not  be  reached  with  an  18-foot  drill 
in  all  water  from  the  shore  out  175  to  250  feet  in  the  lake.  Prom 
(B)  to  (C)  sand  was  found  next  to  shore  beneath  four  to  eight  feet  of 
marl  in  two  to  five  feet  of  water,  but  at  greater  depths  the  bottom  of 
the  nmrl  bed  was  beyond  reach  of  drill.  In  the  bay  between  (C)  and 
(D)  the  shallow  water  area  is  extensive,  reaching  out  300  or  more 
yards,  and  overlies  marl  15+  feet  in  depth.  Between  (D)  and  the 
channel  at  (E)  the  bottom  is  of  gravel  for  75  feet  out,  when  marl  sets 
in,  being  8+  feet  thick  at  the  eight-foot  water  line.  From  the  channel 
nearly  to  the  inlet,  at  (F),  the  marl  is  14+  feet  thick  on  the  four-foot 
water  line  75  to  100  feet  from  shore.  On  both  sides  of  the  inlet  a 
thick  deposit  of  muck  covers  the  marl.  Opposite  (G)  the  marl  ap- 
pears free  from  muck,  being  12+  feet  thick  at  the  six-foot  water  line 
125  feet  from  shore.  Out  from  (H)  the  bottom  shelves  down  close  to 
shore  and  in  seven-foot  water  gravel  underlies  eight  feet  of  marl. 
Adjoining  the  north  side. of  tlie  projecting  strip  of  land  at  (I)  is  a 
large  area  of  water  only  two  to  five  feet  deep,  which  is  everywhere 
underlain  with  a  marl  bed  12+  feet  in  thickness.  A  similar  shoal  area 
is  found  opposite  the  channel  leading  to  Kuhn  Lake,  but  here  the 
water  is  only  six  to  18  inches  in  depth  while  the  marl  is  but  six  to 
10  feet  thick.  Along  shore,  between  (I)  and  (K),  the  marl  was  three 
to  five  feet  thick  at  the  water's  edge  and  beyond  reach  of  auger  in 
three-foot  water. 

In  Kuhn  Lake  shallow  water  occurs  only  along  the  margin,  the 
four-foot  line  averaging  about  75  feet  out.  The  marl  along  the  south 
shore  is  14+  feet  thick  at  this  line,  but  on  the  north  shore  it  averages 
only  about  10  feet,  with  sand  underlyiag.  The  quality  is  much  in- 
ferior to  that  in  the  two  lakes  to  the  eastward,  it  being  darker  and,  in 
places,  gritty. 
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Along  the  north  side  of  Irish  Lake  between  (L)  and  (M)  the 
shallow  water  is  200  yards  wide  and  underlain  with  marl  16+  feet 
thick.  At  the  shore  there  is  usually  one  or  two  feet  of  muck  over  the 
marl.  Between  (M)  and  (N)  the  shore  margin  is  of  gravel  or  sand 
and  the  marl  is  only  three  feet  thick  at  the  six-foot  water  line,  150  feet 
out.  A  marsh  of  20  or  more  acres  borders  the  shore  between  (N)  and 
(0).  For  200  feet  back  this  is  composed  wholly  of  a  fine  grade  of  marl 
18+  feet  thick.  Then  muck  sets  in,  and  at  250  feet  is  three  feet  thick 
above  10  feet  of  marl.  Between  (0)  and  (P)  a  similar  marsh  of  marl 
extends  back  200  to  275  feet,  the  marl  running  from  10  to  18+  feet 
thick,  in  many  places  bare,  in  others  overlain  with  one  to  three  feet 
of  muck.  Quite  a  body  of  shallow  water  marl  also  occurs  around  the 
island  east  of  this  marsh,  but  the  bottom  of  the  southwest  bay  is  of 
muck  only.  Along  the  south  shore  gravel  forms  the  bottom  for  50  to 
75  feet  out,  the  marl  averaging  only  about  seven  feet  along  the  six- 
foot  water  line. 

No  marl  was  found  in  the  shallow  water  of  Mabie  Lake,  but  in  Plew 
Lake  it  occurs  along  the  shore  beneath  all  water  three  feet  deep  and 
over,  the  bottom  of  the  bed  being  beyond  reach  of  drill  in  all  tests 
but  one. 

The  greater  portion  of  the  bottom  of  this  group  of  lakes  is  thus 
shown  to  be  formed  of  a  thick  marl  deposit.  That  in  Dan  Kuhn  and 
the  shallow  portions  of  Hanunon  Lake  is  most  available,  and  both  in 
quantity  and  quality  will  well  justify  the  investment  of  capital  for  its 
development.  If  necessary,  the  channels  between  the  lakes  could  be 
easily  enlarged  so  that  the  marl  in  and  about  Irish  and  Plew  lakes 
could  be  transported  in  barges  to  a  factory  located  near  the  larger 
deposits. 

RIDINGER  LAKE. 
Large  Deposit,  Mostly  Under  Deep  Water. 

This  lake  occupies  parts  of  sections  1  (32  north,  7  east)  and  36  (33 
north,  7  east),  Washington  and  Tippecanoe  townships.  It  lies  in  a 
long  and  rather  narrow  valley  which  trends  almost  due  north  and 
south.  The  total  length  of  the  water  area,  according  to  careful 
measurements  made  by  County  Surveyor  McCarter,  is  4,600  feet,  while 
its  width  averages  about  one-third  of  a  mile,  the  area  being  close  to 
300  acres. 

The  outline  is  quite  regular,  there  being  but  two  bays,  one  of  about 
10  acres  in  the  southwest  comer,  the  other  much  larger  in  the  north- 
east.    Tbe  inlet  which  enters  on  the  south  side  is  a  stream  which 
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comes  from  Cedar  and  Robinson  lakes,  Whitley  County,  while  the  out- 
Jet  is  Grassy  Creek,  flowing  from  the  northwest  comer,  north  and 
then  west  into  the  larger  of  the  Barbee  lakes.  A  dredge  ditoh  now 
being  dug  in  Whitley  County  has  been  surveyed  to  the  lake,  and  from 
it  northward,  which  will  lower  its  waters  four  or  more  feet  and  destroy 
much  of  its  natural  beauty. 

At  Weaver's  Landing,  near  the  middle  of  the  west  shore,  there  is  a 
pretty  bit  of  woodland  sloping  gradually  down  to  the  water's  edge. 
The  south  half  of  the  east  shore  slopes  up  from  a  gravelly  beach  into 
wooded  hills,  while  the  north  half  of  the  same  shore  bends  rather  ab- 
ruptly to  the  east  to  form  a  wide  bay,  the  shores  of  which  are  a  willow- 
covered  marsh,  10  rods  or  more  wide.  The  north  and  south  shores 
of  the  main  lake  are,  for  the  most  part,  low  and  marshy,  especially 
about  the  inlet  and  outlet.  The  greatest  depth  of  water  found  was 
45  feet  near  the  center  of  the  north  half.  The  most  of  the  water  area 
is  between  20  and  35  feet  in  depth. 

Marl. — At  Weaver's  Landing  the  bottom  for  50  feet  out  is  of 
gravel,  and  shelves  rapidly  into  deep  water.  Twenty  rods  south,  in 
six-foot  water  100  feet  from  shore,  marl  occurs  12+  feet  in  depth. 
Over  the  shallow  water  area  of  the  southwest  bay  it  runs  about  the 
same,  except  close  in  shore  where  it  thins  down  to  four  feet  or  less. 
Along  the  west  half  of  the  south  shore  it  is  everywhere  14+  feet  in 
four  feet  of  water.  The  bottom  is  here  covered  with  Chara  and  the 
marl  is  excellent  in  quality,  the  six-foot  water  line  being  about  125 
feet  from  shore.  One  hundred  yards  west  of  the  inlet  the  marl  is 
16+  feet  thick  in  two  feet  of  water.  On  either  side  of  the  mouth  of 
the  inlet  there  are  large  patches  of  spatterdock  and  white  water  lilies, 
beneath  which  muck  only  occurs  to  a  depth  of  14+  feet. 

Along  the  south  half  of  the  east  shore  the  bottom  is  of  gravel  out 
to  the  six-foot  water  line,  where  the  marl  sets  in  and  thickens  rap- 
idly. In  the  south  half  of  the  northeast  bay  there  is  muck  close  to 
shore  but  125  feet  out  marl  10+  feet  thick  underlies  two  feet  of  muck 
in  six  feet  of  water.  In  the  extreme  northeast  comer  of  the  lake  100 
feet  from  shore,  11+  feet  of  marl  is  found  at  the  seven-foot  water 
line.  At  the  point  where  the  east-west  township  line  strikes  the  lake, 
the  marl  is  14+  feet  in  three  feet  of  water,  and  runs  about  the  same 
until  near  the  outlet,  where  it  is  partially  replaced  by  muck.  Along 
the  north  half  of  the  west  shore  it  is  everywhere  10+  feet  thick  be- 
neath six  feet  of  water,  while  in  three-foot  water,  175  feet  out,  it  has 
thinned  down  to  three  feet. 

The  tests  show  that  practically  the  entire  lake  bottom  is  a  bed  of 
marl  of  good  thickness  and  fair  quality.     That  portion  in  shallow 
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water  is,  now,  small.  The  proposed  ditch  will  greatly  enlarge  it, 
but  will  not  likely  make  available  an  area  sufficient  to  justify  its  de- 
velopment for  cement  making. 


LITTLE  EAGLE  LAKE. 
Workable  Deposit. 

This  lake  occupies  parts  of  sections  24,  25,  26  and  35  (33  north,  6 
east),  Plain  Township.  It  is  about  three  and  a  half  miles  northeast 
of  Warsaw  and  two  and  one-half  miles  east  from  the  Michigan  Di- 
vision of  the  Big  Four  Railway. 

The  banks  of  the  lake  are  irregular,  in  places  being  flat  some  dis- 
tance back,  in  others  rising  gradually  20  or  more  feet  above  the  water 
level.  The  lake  has  been  twice  lowered,  the  total  decrease  in  level 
being  about  six  feet,  thus  rendering  prominent  broad  belts  of  low 
land  along  the  south  side  and  the  northeast  corner  of  the  main 
basin;  most  of  the  old  west  embayment  is  also  dry.  A  strip  some  225 
yards  wide  between  the  main  lake  and  the  south  arm,  through  which 
a  channel  is  cut,  is  also  a  wet  marsh,  while  large  areas  of  the  western 
side  of  the  south  arm  are  above  water.  The  former  water  area  of 
the  lake  was  about  850  acres.  The  present  area  is  at  least  150  acres 
less,  the  difference  being  left  as  marsh  except  a  small  portion  of  gravel 
beach  on  the  south  side. 

Marl. — In  the  south  ann  of  the  lake  the  shallow  water  belt  is  nar- 
row along  the  east  side  and  the  marl  is  shallow  except  on  the  edge 
of  deep  water.  Along  the  west  side  the  reed  covered  marsh  extends 
well  out  into  the  lake.  Drillings  on  the  edge  of  this  showed  at  every 
point  marl  to  below  16  feet.  The  marsh  of  30  or  more  acres  lying  to 
the  west  of  this  lobe  of  the  lake  is  covered  with  muck,  the  depth  of 
which  ranges  from  four  to  20  feet.  Beneath  the  muck  on  its  northern 
third  is  marl  running  from  six  to  12  feet  in  thickness,  but  the  southern 
portion  is  wholly  of  muck.  There  appears  to  be  at  least  50  acres 
underlain  with  marl  in  this  part  of  the  lake. 

Between  the  south  lobe  and  the  main  lake  there  is  a  marsh  (P.  J. 

m 

K.)  of  30  or  more  acres  in  which  marl  comes  to  the  surface,  over  the 
most  of  which  it  ranges  from  six  to  25+  feet  in  depth.  At  the  south 
end  of  the  channel,  cut  through  this  marsh,  there  is  about  a  foot  of 
muck  above  the  marl,  but  elsewhere  the  marl  forms  the  surface.  The 
former  lobe  of  the  lake,  west  of  the  point  at  (K),  is  now  nearly  all  a 
marsh,  which,  in  summer,  is  covered  with  wire  grass,  rushes  and 
sedges.    At  the  east  side  of  this  maxsh  the  marl  is  shallow,  running 
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only  from  two  to  five  foet  in  depth.  This  is  owing  to  the  proximity 
of  the  bigh  point  which  separates  this  una  from  the  main  lake.  The 
remainder  of  this  marsh  area  of  80  or  more  acres  is  underUin  with  a 
fine  quality  of  marl  which  runs  from  nine  to  %5  feet  in  thickness. 


.'^^ 

''i 

/ 

t» 

( 

.^ 

r  ^ 

I 

^             ^ 

J 

Kh 

r^ 

-> 

/^ 

LITTLE      CA«LC 

J 

"v 

^ 

J^ 

^fl 

1 

■M^ ^ 

3^ 

J* 

ll 

® 

^^^f 

/  • 

/ 

xL-^^S^ 

J^, 

" 

-" 

'* 

Fif.Gl.   Map  uf  Utile  liMla  I^»k*,  Koiciuako  Coantr,  Inil. 


Along  the  south  side  of  the  main  lake  the  shallow  water  forms  a 
broad  belt  from  200  to  1,000  feet  wide,  deepeniag  very  gradually. 
Near  the  center  a  broad  point  of  hard  bottom  covered  with  very 
shallow  water  extends  well  out  into  the  lake,  otherwise  the  shallow 
water  is  underlain  by  marl.  This  tends  to  deepen  gradually  from  the 
shore  outward,  so  that  the  average  depth  under  the  shaJlow  water  is 
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probably  not  over  10  ot  12  feet.  For  a  space  along  the  east  shore 
the  bottom  is  hard  for  some  distance  out,  but  in  six  or  seven  feet  of 
water  showed  marl  to  below  reach  of  pole.  The  northern  half  of  the 
east  shore  shows  a  broad  belt  of  shallow  water  marl,  the  width  being 
in  places  between  500  and  1,000  feet.  The  depth  seemed  irregular 
but  is  similar  to  that  along  the  south  aide.  Along  the  north  bank  the 
belt  of  shallow  water  marl  is  narrow,  ranging  at  most  places  between 
50  and  150  feet  wide.  The  marl,  however,  seems  to  run  much  deeper 
than  at  corresponding  distances  from  the  south  shore.  There  is  little 
doubt  but  that  three-fourths  or  even  more  of  the  deep  water  area  of 
the  lake  is  underlain  with  a  thick  deposit.  The  shallow  water  and 
marsh  areas  are,  however,  sufficient  in  acreage  and  thickness  to  furnish 
material  for  a  large  cement  factory  for  many  years. 

The  quality  of  the  marl  in  Little  Eagle  Lake  runs  from  poor  to 
good.  In  the  south  lobe  of  the  lake  much  of  the  deposit  appeared 
mucky,  especially  at  the  south  end.  That  in  the  main  lake  appeared 
of  much  higher  quality,  being  a  light  brown  to  gray.  An  analysis 
by  Dr.  Noyes  of  a  sample,  taken  from  about  two  feet  below  the  sur- 
face by  Geo.  W.  McCarter,  the  owner  of  a  large  part  of  the  marsh  area 
about  the  lake,  gave  the  following  percentage  composition: 

Calcium  carbonate  (CaCo,) 84.75 

Magnesium  carbonate  (MgOo,) 2.84 

Ferric  oxide  (Fe,0,) 0.35 

Alumina    (A1,0,) 0.15 

Calcium  sulphate  (CaSoJ 0.07 

Insoluble  inorganic  matter  (silica,  etc.) 4.61 

Organic   matter 5.69 

Total 98.46 

An  average  sample  from  a  greater  depth  will,  without  doubt,  show 
a  higher  percentage  of  carbonate  of  lime,  and  a  lower  of  organic 
matter. 

CENTER  AND  PIKE  LAKES. 

Workable  Deposit. 

cester  lake. 

Center  Lake  lies  north  of  and  adjoining  the  city  of  Warsaw.  It  is 
situated  in  sections  5  and  8  (32  north,  6  east),  Wayne  Township,  and 
its  eastern  shore  is  but  a  few  rods  west  from  the  Michigan  Division  of 
the  Big  Four  Railwaj.  The  present  water  area  covers  about  200 
acres.    The  banks  are  low  on  the  north  and  northwest;  otherwise  the 
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ground  around  the  lake  slopes  up  gently  to  a  height  of  10  to  20  feet 
The  water  is  80  feet  deep  not  far  from  the  shore  in  the  southwest 
(vart  and  nearly  as  deep  in  places  near  the  east  shore.  The  lake  is 
fed  by  a  small  stream  from  the  northeast.  The  outlet  leaves  the  west 
side  and  after  a  tortuous  course  of  two  or  three  miles  flows  into  the 
l^ppecanoe  River.  The  area  of  shallow  water  is,  as  a  rule,  narrow, 
50  to  150  feet  wide,  except  at  the  north  end,  where  there  are  several 
acres  of  shallow  water,  partly  grown  up  with  rushes. 

Marl. — The  most  of  the  marl  found  was  at  the  north  end,  where 
none  of  the  tests  reached  bottom  at  16  feet  in  one  to  four  feet  of 
water.  Along  the  east  side  the  distribution  of  the  marl  is  irregular. 
Near  the  center  of  this  side  the  bottom  was  found  to  be  hard  out 
to  beneath  10  feet  of  water,  then  marl  sets  in.     A  little  north  of 

'  ft 

this  six  feet  of  marl  was  found  in  three  feet  of  water. 

In  the  southeast  comer  tests  in  water  from  three  to  15  feet  deep 
gave  only  one  or  two  feet  of  marl.  Just  north  of  the  end  of  Buffalo 
street,  at  the  extreme  south  end  of  the  lake,  five  and  a  half  feet  of 
marl  was  found  in  one  and  a  half  feet  of  water  close  to  shore  and  at 
50  feet  out  in  four  feet  of  water,  the  marl  ran  below  pole,  as  it  also 
did  200  feet  out  in  seven  feet  of  water.  The  southwest  part  of  the 
lake  showed  marl  just  equaling  in  depth  the  water  up  to  eight  feet 
as  far  as  we  could  test.  In  the  northwest  part  of  the  lake  hard  bot- 
tom or  only  a  few  feet  of  marl  occurs. 

PIKE  LAKE. 

Pike  Lake  lies  one-half  mile  east  of  Center  Lake,  the  Michigan 
Division  of  the  Big  Four  Railway  passing  between  the  two.  It  occu- 
pies parts  of  sections  4,  5,  8  and  9  (32  north,  6  east),  Wayne  Town- 
ship. The  north  end  is  within  a  few  rods  of  the  Big  Four  Railway 
and  its  south  end  is  a  little  over  half  a  mile  from  the  Pittsburg,  Ft. 
Wayne  &  Chicago  Railway.  On  the  west,  east  and  southeast  the 
banks  slope  up  15  to  25  feet  above  water  level.  On  the  north  and 
extreme  south  the  banks  are  low.  The  embayment  on  the  east  is 
shallow,  most  of  its  surface  being  covered  with  less  than  10  feet  of 
water.  Just  west  of  the  point  at  the  cemetery  the  deep  water  comes 
quite  dose  to  the  shore.  Around  the  rest  of  the  shore,  the  water 
deepens  gradually.    The  total  area  of  the  lake  is  about  250  acres. 

Marl. — A  small  lobe  of  the  lake  at  the  north  end  is  now  practi- 
cally shut  off  from  the  main  body  and  was  not  examined.  The 
main  deposit  of  marl  occurs  in  the  eastern  embayment,  covering 
probably  20  to  30  acres  .ind  extending  at  every  point  tested  to  below 
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16  fpet  under  the  water  surface.  West  of  the  cemetery  no  marl  was 
found.  At  the  south  end  of  the  lake,  nearest  Warsaw,  the  marl  niDB 
hafk  under  the  bank  75  to  100  feet,  having  at  the  former  distance  a 
depth  of  five  feet  with  little  or  no  muck  overlying.  At  the  water's 
edge  the  marl  is  six  feet  deep,  and  nine  feet  deep  in  three  feet  of 
water.  In  the  southwest  corner  the  marl  does  not  set  in  close  to 
whore,  only  one  foot  of  marl  occurring  in  seven  feet  of  water  and  four 
feet  of  marl  in  10  feet  of  water,  75  feet  from  shore.  Along  the  west 
Imnk  next  to  the  park  no  marl  was  found,  until  the  north  end  was 
iijiproached,  where  three  feet  of  marl  is  found  in  eight  feet  of  water, 
while  further  out  it  deepens  to  below  reach  of  drill. 


Fi(.  S3.    Hap  of  C«D(<r  and  Pik«  Lakea.  Kixciuako  Countj,  Ind. 

Along  the  north  side  the  marl  does  not  set  in  until  the  water 
reaches  a  depth  above  three  feet.  In  four-foot  water  the  marl  runs 
from  one  to  three  feet,  while  near  the  section  line  the  marl  is  only 
three  feet  deep  in  10  feet  of  water.  Further  east  it  extends  below 
reach  of  drill  in  five  feet  of  water. 

The  quality  of  the  marl  is  variable,  the  best  occurring  just  north 
of  the  cemetery.  The  marl  in  the  north  part  of  the  lake  is  mucky; 
that  at  the  south  end  generally  good.  The  deposit  beneath  Pike 
T,Hke  is  not  of  itself  large  enough  to  be  termed  workable,  but  taking 
it  in  connection  with  that  beneath  Center  Lake,  a  fair  workable  de- 
posit is  presented.  Lying  as  close  as  it  does  to  excellent  railway 
facilities,  it  offers  a  good  location  for  a  factory  site. 
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EAGLE  OR  WINONA  LAKE.* 

WOHKABLE    Dk.POSIT. 

This  lake  lies  one  mile  southeast  of  Warsaw  and  occupies  parts  of 
sections  15,  16,  17,  21  and  22  (32  north,  6  east),  Wayne  Township. 
It  consists  of  a  main  body  of  water,  almost  a  square  mile  in  area, 
and  a  small  bay  on  the  northwestern  side  connected  by  a  narrow 
channel.  The  catchment  basin  is  large  as  compared  with  the  size  of 
the  lake  itself.  Unusually  heavy  rains  change  the  lake  level  as  much 
as  two  to  two  and  a  half  feet.  The  tributary  streams*  are  three  in 
number.  The  largest  is  Cherry  Creek,  which  flows  into  the  lake  on 
the  southeast.  For  the  most  part  it  flows  through  woodlands.  Two 
other  streams,  the  larger  of  which  is  Clear  Creek,  enter  the  lake  at  its 
extreme  southern  part.  The  output  of  Clear  Creek  is  nearly  as  much 
as  that  of  Cherry  Creek.  Numerous  springs  on  the  Winona  Assem- 
bly grounds,  as  well  as  a  number  bubbling  up  from  the  bottom,  also 
add  to  the  waters  of  the  lake.  The  outlet  is  a  small  stream  from  the 
south  end  of  the  northwest  bay,  which  finds  its  way  into  the  Tippe- 
canoe River  at  a  point  one  mile  northwest  of  Warsaw.  The  shore 
line,  for  the  most  part,  is  low.  On  the  north,  a  small  stretch  of  culti- 
vated land  rises  rapidly  to  a  10-foot  elevation  line.  The  Winona 
Assembly  grounds  on  the  east  have  the  greatest  elevation.  This  ele- 
vation is  from  10  to  50  rods  back  from  the  lake.  The  other  parts  of 
the  grounds  lie  below  a  10-foot  line.  The  south  shore  is  uniformly 
low  and  swampy.  On  the  west,  an  abrupt  rise  is  found  at  Yamell's 
Landing.  To  the  north  of  the  landing  the  shore  is  low,  and  the  ele- 
vation gradual.  Natural  woodland  is  found  at  Yarnell's,  at  the  out- 
lets of  both  Clear  Creek  and  Cherry  Creek  and  on  the  Assembly 
grounds. 

The  greatest  depth  of  water  in  the  lake  is  81  feet  near  the  center 
of  the  main  body.  The  contour  lines  on  the  accompanying  map 
show  the  depth  in  other  portions.  It  will  be  seen  that  the  embay- 
ment  in  the  northeast  corner  runs  shallow,  and  a  belt  of  shallow 
water  from  50  to  150  feet  or  more  wide,  runs  all  along  the  eastern 
and  southern  side.  Along  the  north  shore  the  belt  of  shallow  water 
is  broad  but  irregular. 


*  Much  of  the  general  data  relative  to  this  lake,  as  well  as  all  of  the  information  con- 
cerning the  plants  and  vertebrate  animals,  was  kindly  f^rnisbed  by  Prof.  Earl  E.  Ramsev 
of  the  Muncie  High  School.  Prof.  Rnmsey  has  been  connected  with  the  Summer  Biological 
School  at  Winona  for  several  seasons,  and  has  thus  had  most  excellent  opportunities  for 
securing  information. 
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The  area  covered  by  water  is  .987  of  a  square  mile,  or  631  acres, 
and  there  are  probably  125  acres  of  marah  land  adjacent  By  refer- 
ence to  the  map  of  Eagle  Lake  prepared  by  the  U.  S.  survey  in  1834, 
it  will  be  seen  that  the  lake  was  then  considerably  larger  than  now. 
Tlic  difference  in  area  has  been  brought  about,  first  by  dredging  the 
outlet  ehannel  and  lowering  the  level  of  the  lake.    Second,  the  en- 


Fif.SS,    MspofEoileLi 


CountT.  Id 'I. 


eroachment  of  plant  life  upon  the  lake  proper  and  the  luxuriant 
plant  life  on  the  land  partially  dried  by  lowering  the  lake  level.  As 
noted  farther  on,  the  plant  life  in  the  lake  is  abundant.  The  dense 
beds  of  Srirpus,  Nvpkar,  etc.,  tend  to  collect  material  that  may 
float  into  them  and  also  contribute  their  own  growth  to  the  forma- 
tion of  new  lake  bottom.  A  third  agency  which  baa  acted  in  some 
parts  of  the  lake — notably  the  southern  part — is  that  of  the  ice. 
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With  the  lowering  of  the  lake  level,  stretches  of  lake  bottom  were 
left  barely  covered  by  water  and  were  in  most  cases  separated  from 
the  land  by  deeper  water.  As  the  ice  formed,  it  pushed  the  ground 
higher  on  these  shallow  places.  The  ice  cracks  in  exceedingly  cold 
weather.  The  cracks  fill  with  water  and  freeze  again  and  crowd 
the  ice  and  the  substratum  of  earth  still  farther  shoreward.  Very 
much  of  the  south  shore  of  the  lake  shows  such  a  formation.  The 
ice  beach  near  the  outlet  of  Clear  Creek  is  at  least  30  inches  above 
lake  level  and  separates  a  dense  swamp  from  the  lake.  In  this 
swamp  thus  isolated  from  the  main  lake,  the  semi-aquatic  plants 
readily  establish  themselves  and  thus  finally  reclaim  the  swamp  land. 

The  plant  life  in  the  lake  is  abundant.  A  bank  of  Scirpus  practi- 
cally encircles  the  lake.  Nuphar,  Nymphma,  Typha,  Potamogeion, 
Ceratophyllum  and  Chara  are  abundant.  The  outlet  is  now  entirely 
"overgrown"  by  Nuphar,  Nymphcra,  Typha  and  Scirpus  arranged 
in  water  zones. 

The  average  temperature  of  the  water  from  July  6th  to  August 
23d,  1899,  was  80  degrees  at  a  depth  of  two  feet;  the  air  temperature 
for  the  same  time  was  81.5  degrees.  The  deep  water  of  the  lake 
marked  41  degrees,  and  was  of  course  subject  to  no  diurnal  changes. 
The  prevailing  winds  during  the  summer  months  are  west  to  south- 
west. 

THE  COLD  BLOODED  VERTEBRATES  OF  WINONA  LAKE. 

By  Earl  E.  Ravbit. 
FISHES. 

The  number  of  species  of  fishes  thus  far  secured  in  Winona  Lake, 
its  inlets  and  outlets,  is  41.  Considering  the  great  variety  of  physical 
conditions,  the  number  of  species  is  small.  But  the  number  of  indi- 
viduals of  each  species  is  much  more  disappointing.  The  scarcity  of 
the  larger  food  fishes  is  due  to  the  great  amount  of  fishing  in  the 
lake.  But  the  scarcity  of  the  smaller  fishes,  the  Cyprinidce,  many 
species  of  the  darters,  Labidesthes,  et<c.,  is  not  accounted  for  in  this 
way. 

To  show  the  relative  numbers  of  a  very  common  form  which  servos 
as  food  for  the  larger  species,  T  may  take  the  Labidesthes  siccuhis. 
As  many  as  a  gallon  of  this  form  may  be  secured  in  either  Turkey 
Lake  or  Tippecanoe  Lake,  Kosciusko  County,  at  a  single  haul  of  the 
seine.  Not  more  than  three  or  four  dozen  were  secured  in  Eagle 
Lake  ciuring  the  entire  summer.  The  same  relative  proportions  are 
true  of  many  other  forms. 
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The  following  list  gives  the  species  and  localities  from  which  they 
were  secured.  The  column  marked  N*  gives  some  notion  of  tiie 
relative  abundance.  Thirteen  families  are  represented  and  33 
genera.  The  +'b  in  the  other  columns  indicate  the  localities  in  which 
the  various  species  are  found. 
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BATBACBIAMS. 

This  group  is  represented  by  but  eight  species,  as  follows: 
1.   Neetunii  maculogin  Ki(.     Mud  Puppy;   Water  Dog. 

Three  or  four  specimens  were  found  by  workmen  who  were 
deepening  the  channel  of  Cherry  Creek. 

*In  ■omecu«i  th«  namber  of  ipaolmeni  oollected  i>  niirkadj  +  indietitta  that  th*  ipg- 
dai  la  abuDdaat!  x.not  10  abandant;  — ,batf*w. 

tTwo  larca  >pa<iim*na  takaa  br  BaberiD«>  vara  Man.  Tba  ipaaiai  wm  probablr 
0.  vttiftr  (Rtl.),  but  no  poillin  idantlBoatloii  fUrthar  than  (•■a*  aoalil  b*  mada. 
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2.  Bufo  lentiginosus  amerieantu  (Le  Conte).     American  Toad. 

3.  Aoris  gryllus  grylluB  (Lie  Conte).     Southern  Cricket  Frog. 

4.  Aeris  gryllus  crepUans  (Baird).     Northern  Cricket  Frog. 

5.  Hyla  veraMor  (Le  Conte).     Common  Tree  Toad. 

But  two  specimens  of  this  interesting  animal  were  gotten. 

6.  Rana  pipiens  Kalm.     Leopard  Frog. 

This  is  the  most  abundant  of  the  frogs. 

7.  Rana  clamitam  Latreille.     Green  Frog. 

This  species  is  nearly  as  numerous  as  R.  pipiens. 

8.  Rana  caieAiana  Shaw.     Bull-frog. 

But  one  or  two  specimens  found. 

SNAKES. 

Eight  species  of  snakes  have  been  found  in  the  vicinity  of  the 
lake. 

1.  Storeria  dekati  (Holb.).     Dekay's  Brown  Snake.     Rare. 

2.  Clonophis  KIRTLU9DI  (Kennicott).     Kirtland's  Snake. 

Only  two  or  three  specimens  were  taken. 

3.      THA.MNOPHIS  SCBTALIS  PAR[ETALt8  (Say.). 

3a.  Thamnophis  sirtalis  sirtalib  L. 

These  two  varieties  of  the  garter-snake  are  the  most  abundant 
of  the  forms  found  in  the  vicinity  of  the  lake.  On  July  19th,  a 
female  bearing  30  well  developed  embryos  was  killed.  On 
August  5th,  one  kept  in  a  pen  gave  birth  to  young,  the  number 
of  which  could  not  bo  ascertained. 

4.  Regina  lebbris  (L.).     Leather  Snake ;  Queen  Snake. 

The  leather-snake  is  abundant  in  the  locality  of  the  lake, 
being  perhaps  third  in  point  of  number.  On  August  12th,  1899, 
a  gravid  female  was  found  having  10  well  developed  embryos. 
Its  haunts  are  along  creeks. 

5.  Natrix  8IPED  )N  (L  )      Water  Snake. 

This  form  is  plentiful.  On  July  23,  1900,  a  female  containing 
26  embryos  was  killed.  The  water-snake  is  a  swamp-loving 
form,  and  is  of  a  sullen,  vicious  disposition. 
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6.  Babc ANION  CONSTBICTOR  (L  ).     Blue-raoer;  Black  Snake. 

This  is  the  largest  snake  in  the  vicinity  of  the  lake^  and  is 
comparatively  abundant.  When  captured  and  put  in  a  pen, 
it  soon  tames  and  seems  to  take  delight  in  being  handled.  Its 
movements  and  «hape  are  peculiarly  graceful.  Its  food  consists 
of  frogs,  garter-snakes,  etc.  A  specimen  42  inches  long  swal- 
lowed a  garter-snake  28  inches  long.  I  have  known  it  to  lay  its 
eggs  about  the  middle  of  June  and  have  found  the  young  hatch- 
ing about  the  middle  of  September.  Its  egg-laying  habit  is 
worthy  of  note.  One  specimen  selected  the  soft  ground  between 
two  rows  of  potatoes  and  pushed  her  way  under  the  ground.  As 
she  crawled  along  in  this  underground  passage,  the  eggs,  22  in 
number,  were  lain  in  the  channel  which  her  body  had  made. 
Another  laid  her  eggs  in  the  hollow  root  of  a  half  decayed 
stump. 

The  eggs  are  white  in  color,  are  about  an  inch  in  length  and 
have  a  uniform  diameter  of  about  one-half  inch.  The  soft  shell 
is  so  tough  that  it  will  sustain  a  weight  of  more  than  100  pounds 
without  breaking.  The  young,  when  first  hatched,  are  seven  or 
eight  inches  in  length.  The  first  action  when  the  little  head  is 
thrust  through  the  leathery  shell  is  to  stick  out  its  tongue.  The 
blue  racer  frequents  the  woods  or  high  grass  and  weeds. 

7.  Labipropeltis    doliatub    TBIA^ouLU8    (Boie.).       Milk     Snake; 

House  Snake. 

This  species  is  found  rarely. 

8.  SiSTRURUS  CATENATU8  (Raf.).     Prairie  Rattlesnake. 

The  prairie  rattlesnake  is  second  in  point  of  numbers,  the 
garter-snake  being  more  plentiful.  During  the  summer  of  1899, 
eleven  specimens  were  caught,  and  nine  were  taken  during  the 
following  summer.  They  are  usually  found  in  low  land  and  run 
but  little  during  the  day  unless  disturbed.  Nothing  was  learned 
concerning  their  food,  since  they  persistently  refused  to  eat 
when  kept  in  confinement.  A  female  kept  in  a  pen  gave  birth 
to  seven  young  on  August  13th.  Several  of  the  little  ones  were 
kept  in  a  glass  aquarium  for  a  time.  On  August  17th  they 
drank  some  water  and  were  given  small  bits  of  fresh  meat. 
Three  days  later  they  began  their  first  moult.  They  were  about 
eight  and  a  half  inches  long  at  birth.  A  case  was  reported  to  me 
in  which  13  young  were  born.  The  adults  are  inoffensive,  and 
move  slowly.  They  are  easily  captured  by  means  of  a  noose 
slipped  over  their  head  or  by  an  insect  net. 
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TURTLES. 

The  land  and  water  fomiB  together  number  eight  species.  Of 
these,  the  soft-shelled  turtle,  the  speckled  tortoise,  Blanding's  tor- 
toise and  the  box  tortoise  are  rare.  Even  the  commoner  species  are 
not  very  abundant.  No  more  than  two  dozen  eggs  were  found.  They 
were  those  of  the  stink-pot,  Aromochelys  odoratus  (Latreille),  and 
were  laid  in  heaps  of  debris  which  had  been  washed  up  along  the 
shore.    The  species  are  as  follows: 

1.  Aipidanedes  spinifer  (Le  8.).     Common  Soft-shelled  Turtle. 

2.  Chelydra  serpentina  (L.)      Common  Snapping  Turtle. 

3.  Aromochdya  odoratm  (Latreille).     Musk  Turtle. 

4.  Orapiemys  geographies  (Le  8.).     Map  Turtle. 

5  Chrysemys  margin^ita  (Agassiz).     Lady  Turtle. 

6  Clemmys  guttata  (Schneider).     Speckled  Tortoijje. 

7.  Emyiloidea  blandingii  (Holb  ).     Blanding's  Tortoise. 

8.  Terrapene  Carolina  (L.).     Common  Box  Turtle. 

Marl. — The  largest  body  of  marl  appears  to  lie  along  the  north 
shore  and  in  the  embayment  in  the  northeast  comer.  Except  near 
the  ice  house  on  the  northeast  shore  the  marl,  at  practically  every 
point  tested  in  the  area  mentioned,  extended  below  depth  of  drill. 
There  would  seem  to  be  50  acres  of  marl  in  that  area  in  less  than  15 
feet  of  water.  South  of  the  embayment  mentioned  is  an  area  of  low 
ground  underlain  with  marl.  Rounding  the  point  and  running  south 
the  marl  occurs  along  the  shore  with  a  good  width  and  depth  until 
the  Indiana  University  Biological  Station  is  reached  where,  for  a  dis- 
tance pa«t  the  mouth  of  an  inlet  from  the  east,  the  bottom  is  sandy. 
Along  most  of  the  south  end  of  the  lake  the  belt  of  shallow  water 
marl  is  broad  and  the  marl  below  reach  of  pole.  At  the  edge  of  the 
water  the  marl  appears  to  be  replaced  with  muck.  In  the  southwest 
corner  of  the  lake  the  bottom  is  sandv.  South  of  the  center  of  the 
lake  is  a  shoal  of  10  or  15  acres  of  shallow  water  over  which  the 
bottom  of  marl  was  below  reach  of  drill.  Along  the  north  half  of 
the  west  shore  the  marl  sets  in,  but  over  a  very  narrow  belt.  Passing 
through  the  "Narrows"  one  enters  a  small  bay  or  arm  in  which  the 
marl  occurs  all  around  the  shore  in  a  belt  of  medium  width  and  at 
most  points  tested  was  over  16  feet  in  thickness.  Apparently  some 
of  the  low  land  adjacent  to  this  bay  is  underlain  with  marl  but  it  , 
was  not  tested.  All  t^ld,  there  appears  to  be  75  to  100  acres  of 
shallow  water  marl,  most  of  which  extends  over  16  feet  below  the 
water  level. 

The  quality  of  the  marl,  while  variable,  generally  appeared  good, 
that  toward  the  northeast  being  the  best. 
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HUFFMAN  LAKE. 

Laroi:  Deposit,  Mostlt  Under  Deep  Water. 

This  lake  otcupies  parts  of  sections  30  and  31  (33  north,  5  east), 
Prairie  Township.  It  lies  half  a  mile  northwest  of  the  village  of  At- 
wood  and  a  quarter  of  a  mile  or  less  from  the  Pittsburg,  Ft.  Wayne 
&  Chicago  Bailway.  The  lake  was  lowered  four  feet  in  the  summer 
of  1899.  The  former  water  area,  according  to  the  county  atlas,  was 
about  250  acres.  The  present  area  is  probably  75  or  100  acres  leas. 
Due  to  the  lowering  of  the  lake  the  present  water  area  is  everywhere 
surrounded  by  a  broad  bench  running  from  800  to  300  feet  wide  or 
over.  The  waves  are  already  at  work  leveling  this  off  so  that  at  most 
points  the  bench  ends  abruptly  at  the  water's  edge  in  a  perpendicular 
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or  partly  undermined  bank  a  foot  or  two  high  and  extending  to  just 
below  the  water  level.  Back  of  this  bench,  at  the  north,  occurs  a 
broad  and  extensive  marsh;  at  the  south,  low  ground,  while  at  the 
east  and  west  the  banks  rise  gradually  into  upland  of  moderate 
height.  In  the  lake  the  water  at  every  point  becomes  deep  only  a 
yard  or  two  from  the  bluff  described  above.  Three  small  islands  rise 
six  to  eight  feet  above  the  water  in  the  south  part  of  the  lake. 
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Marl. — The  lowering  of  the  lake  has  brought  the  surface  of  all 
of  the  former  shallow  water  marl  above  the  present  water  level. 
This  forms  the  bench  described  above,  at  all  points  except  at  the  ex- 
treme north  end  of  the  lake.  Toward  the  shore  this  bench  tends  to 
become  mucky.  Sometimes  the  surface  of  clean  marl  forms  the 
larger  part  of  the  bench,  as  at  the  southeast  comer,  while  again,  as 
along  the  northwest  shore,  the  marl  is  exposed  over  only  a  part  of 
the  bench.  Thus  near  the  southeast  comer  the  old  shore  line  was 
300  feet  back  of  the  present  line  and  there  the  muck  starts  in  a  few 
inches  deep.  Going  out  the  muck  runs  out  and  the  marl  increases 
in  depth  until  half  way  between  the  old  and  new  shore  lines  the  marl 
is  16  feet  deep.  Further  north  in  places  the  depth  increases  more 
rapidly  so  that  16  feet  of  marl  is  found  only  75  feet  from  the  old 
shore  line,  and  225  feet  from  the  new.  At  the  north  end  of  the  lake 
no  marl  is  exposed  and  as  far  as  drilled  only  a  marly  muck  occurs. 
Along  the  west  side  the  band  of  marl  seems  much  narrower  and  the 
muck  increases  rapidly  in  depth  from  the  edge  of  the  exposed  marl. 
Thus  at  one  point,  15  feet  from  the  inner  edge  of  the  exposed  marl, 
the  muck  was  found  to  be  almost  10  feet  deep,  while  below  that  was 
marl  to  beyond  depth  of  auger.  The  three  islands  appear  to  be 
wholly  composed  of  marl. 

The  quality  of  the  marl  did  not  appear  of  the  best,  it  being  a  dark 
gray.  The  cutting  of  the  water  exposes  well  the  shells  in  the  marl, 
and  the  penetration  of  the  Chara  roots,  in  many  cases  the  roots  run- 
ning into  or  through  the  shells.  The  amount  of  marl  with  surface 
exposed  or  in  shallow  water  is  not  sufficient  for  manufacturing  pur- 
poses. If  the  entire  lake  were  drained,  or  if  facilities  are  obtained 
for  securing  the  deep  water  marl,  a  workable  deposit  will  doubtless 
be  found. 

SILVER  LAKE. 
Not  a  Work  vble  Deposit. 

Silver  Lake  lies  in  section  6  (30  north,  6  east),  a  little  west  of 
Silver  Lake  station  on  the  Michigan  Division  of  the  Big  Four  Rail- 
way. It  has  an  area  of  about  125  acres.  The  surrounding  hills  are 
about  15  to  20  feet  high  with  much  flat  land  but  little  above  the  lake 
level,  especially  on  the  southwest.  The  lake  has  been  lowered  a  little, 
so  that  deep  water  sets  in  close  to  the  present  shore  line. 

Marl. — Along  the  side  of  the  water's  edge  the  marl  runs  from 
nothing  to  a  maximum  of  13  feet,  being  13  feet  deep  at  (A),  nothing 
at  (B);  thep  thickening  up  to  12  feet  at  the  boat  houses  at  (C).    It 
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evidently  extends  back  eeveral  rods  but  with  increasing  cover.  At 
the  south  end  of  the  southeast  lobe  only  muck  was  found.  From  (D) 
to  (E)  the  deep  water  seta  in  about  20  feet  from  shore.  Here  the 
marl  runs  from  10  to  over  16  feet  deep.    South  and  west  of  this  is 
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a  Sat  area,  probably  exceeding  in  size  the  area  of  the  lake,  which  con- 
sists of  marl  overlain  by  muck.  At  the  shore  the  muck  is  about 
six  inches  deep;  300  feet  back  from  shore  the  muck  has  increased  to 
four  feet  with  10  feet  of  marl  below.  Marl  is  reported  to  have  been 
struck  down  the  outlet  under  from  two  to  four  feet  of  muck.  North 
and  west  of  (F)  and  south  of  (G)  the  marl  is  over  16  feet  deep,  though 
available  over  only  a  very  narrow  strip.  Just  east  of  (G)  the  marl 
runs  a  foot  thick  in  water  from  one  to  six  feet  deep.  At  (K)  the  marl 
is  again  deep. 

This  can  not  be  considered  a  workable  deposit. 


FULTON  COUNTY. 
Refersnceb. — 

1859.— Richard  Owen,  Geol.  Beconn.  of  Ind.,  p.  217. 

1875.— G.  M.  Levette,  7th  Ann.  Rep.  Geol.  Surv.  Ind.,  p.  474. 

1899. — Frank  Leverett,  Water  Supply  and  Irrigation  Papers,  U.  S. 
Geol.  Surv.,  No.  31,  p.  46. 

Fulton  County  is  located  near  the  center  of  the  northern  half  of 
Indiana.    It  is  in  the  third  tier  of  conntiea  south  of  the  Michigan- 
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Indiana  line  and  is  bounded  on  the  north  by  Marshall,  on  the  ea«t 
by  Kosciusko,  Wabash  and  Miami,  on  the  south  by  Miami  and  Cass 
and  on  the  west  by  Pulaski  County.  In  outline  it  is  very  irregular^ 
the  south  and  east  sides  being  dove-tailed  in  with  some  of  the  town- 
ships of  the  adjoining  counties,  in  a  very  peculiar  manner.  The  total 
area  of  the  county  is  380  square  miles. 

The  surface  is  everywhere  covered  with  drift  and  is  very  diversi- 
fied. The  Maxinkuckee  moraine  covers  the  northern  third  of  the 
county,  while  the  eastern  and  southeastern  portions  are  covered  by 
the  western  slope  of  a  bulky  moraine  formed  by  the  Erie  lobe.  These 
two  moraines  connect  in  the  northeastern  part  of  the  county  to  form 
the  great  Erie-Saginaw  interlobate  moraine  which  passes  northeast- 
ward into  Michigan  through  the  northeastern  part  of  Indiana.  The 
thickness  of  the  drift  is  known  only  at  Rochester,  where  it  ranges 
between  155  and  245  feet,  and  at  Kewanna,  where  it  is  between  167 
and  208  feet. 

The  county  lies  on  the  southeastern  extremity  of  the  prairies 
which  cover  a  great  part  of  the  northwestern  counties  of  the  State. 
These  prairies  lose  themselves  in  the  oak  openings,  and  disappear 
almost  entirely  after  the  center  of  I\ilton  is  reached.  Nearly  fifteen 
per  cent,  of  the  surface  is  prairie;  the  remainder  is  pretty  equally 
divided  between  oak  openings,  or  barrens,  and  heavy  timbered  lands. 
The  surface  is  level,  as  a  rule,  but  broken  into  considerable  hills  in 
Henry  Township  in  the  eastern  and  in  Richland  in  the  nortliorn 
part. 

The  principal  stream  is  the  I'^ppecanoe  River,  which  enters  from 
Marshall  County  in  the  northeast,  and,  curving  south  some  five  miles, 
it  leaves  near  the  northwest  corner,  flowing  into  Pulaski  County. 
Mill  and  Mud  creeks,  the  former  the  outlet  of  Lake  Manitou,  and  the 
latter  of  the  Mud  I^akes,  are  the  principal  tributaries  of  the*  Tippe- 
canoe in  the  county.  Chippewa-Nuck,  rising  in  Uenry  Township, 
and  another  stream,  also  known  as  Mill  Creek,  in  Wayne  Township, 
are  creeks  of  some  size,  and  flow,  also,  into  the  Tippecanoe.  West  of 
Rochester  there  is  much  marsh  land  with  sandy  ridges,  which  is  im- 
perfectly drained  by  Mud  Creek  and  other  streams  and  ditches,  into 
tlie  Tippecanoe. 

The  county  is  well  supplied  with  railways,  three  passing  entirely 
through  it.  These  are:  The  Michigan  City  Division  of  the  Lake 
Erie  &  Western,  which  passes  north  and  south  through  the  central 
portion;  the  Chicago  &  Erie,  which  enters  the  county  near  Delx)ng 
in  the  northwest  comer,  passes  through  Rochester,  where  it  crosses 
the  L.  E.  &  W.,  and  leaves  the  county  at  the  extreme  southeastern 
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comer,  thus  passing  diagonally  across  its  bounds;  and  the  Michigan 
Division  of  the  Vandal  ia,  which  runs  north  and  south  a  few  miles 
east  of  the  western  boundary,  passing  through  Kewanna  and  cross- 
ing the  C.  &  E.  at  DeLong.  The  following  is  the  altitude  in  feet 
above  tide  of  the  principal  stations  along  these  railways:  Akron, 
858;  Bruce  Lake,  776;  Del»ng,  748;  Germany,  750;  Kewanna,  786; 
Leiters,  745;  Rochester,  779;  Tiosa,  826.    ' 

The  lakes  of  Fulton  Countv  are  few  in  number  and  are  as  far 
south  as  any  in  the  State.  There  are  several  of  small  size  about 
Akron  which  we  did  not  find  time  to  visit  and  which  may  contain 
marl  in  sufficient  quantity  for  commercial  use.*  Of  the  lakes  visited 
and  described  on  the  pages  which  follow,  only  Manitou  contains  a 
marl  deposit  of  workable  size. 

MANITOU  LAKE. 
Workable  Deposit. 

This  large  and  beautiful  lake  lies  southeast  of  the  city  of  Roch- 
ester, its  northwestern  shore  being  about  one  mile  from  the  cor- 
porate limits.  It  occupies  parts  of  sections  10,  11,  15  and  16  (30 
north,  3  east),  Rochester  Township.  The  extreme  length,  from  the 
outlet  at  the  northwest  comer  to  the  inlet  at  the  end  of  the  south- 
eastern lobe,  is  about  two  and  one-fourth  miles  and  the  greatest 
width  a  little  more  than  one  and  one-fourth  miles.  The  present 
wat^r  area,  according  to  careful  computation  by  Mr.  Hugh  B.  Hol- 
man,  who  prepared  the  accompanying  map,  is  886J  acres. 

Three  or  four  separate  bodies  of  water  are  now  comprised  in  Man- 
itou Lake.  These  were  united  and  their  total  water  area  greatly 
increased  by  a  dam  which  was  first  constructed  across  the  outlet  in 
1830.f  This  dam  raised  the  water  level  about  seven  feet,  and  so  cov- 
ered the  intervening  areas  of  low  ground  between  the  several  smaller 
lakes.     The  greater  portion  of  Manitou  Lake  is  therefore  covered 


*For  detailed  information  oonoemlTig  the  marl  deposits  about  Akron  anyone  interested 
can  write  Mr.  J.  J.  King,  who  has  given  the  matter  some  attention. 

t  This  data  was  furnished  by  Dr.  Vernon  Gould,  who  wro^e  under  the  date  of  December 
24, 1900,  as  follows  :  "  The  original  dam  at  the  foot  of  the  lake  must  have  been  built  about 
18''0.  It  was  built  by  the  U.  S.  GoTernment  and  a  mill  erected  there  for  the  use  of  the  Pot- 
tawottomi  Indians,  who  had,  at  that  time,  a  village  and  cornfields  west  of  the  lake.  After 
the  removal  of  the  Indians  west  of  the  Mississippi,  about  1836,  the  dam  was  diseontimed 
and  a  dam  built  lower  down  the  stream  at  the  town  site  of  Rochester,  then  Just  laid  out  and 
plotted. 

"  Later,  about  1850,  the  dam  was  rebuilt  at  the  lake  and  the  water  raised  as  a  reserroir, 
the  water  being  taken  from  the  lake  by  an  artificial  race  to  the  mill  in  Rochester.  This  mill 
was  burned  three  years  since  and  has  not  been  rebuilt.  No  use  is  made  at  the  present  time 
of  this  water  power  below  the  lake." 
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with  shallow  water,  much  of  which  is  not  over  five  feet  in  depth. 
The  deepest  water  occurs  south  of  Long  Island,  where  one  sounding 
in  August,  1900,  showed  49  feet.  The  main  inlet.  Mill  Creek,  is  a 
small  sluggish  stream,  which  enters  the  lake  near  its  extreme  south- 
em  end.  White's  Creek,  still  smaller,  enters  the  east  side  opposite 
Long  Island.  The  outlet  flows  about  four  miles  northwestward  and 
empties  into  the  Tippecanoe  River. 

According  to  Dr.  G.  M.  Levette:  "At  the  time  white  men  first 
visited  this  section  of  country  it  was  inhabited  by  the  Pottawottomi 
Indians,  and  from  that  tribe  came  the  name  of  the  lake  and  the 
legend  which  gave  rise  to  it.  They  believed  this  body  of  water  to  be 
the  home  of  '^Manitou/'  or  "Bad  Spirit;"  that  during  heavy  storms 
and  certain  nights  in  the  dark  of  the  moon,  he  might  be  seen  dis- 
turbing and  tossing  the  water,  and,  in  defiance  of  repeated  warnings, 
a  number  of  dauntless  'Tbraves"  of  the  tribe,  who  ventured  to  the 
shore  of  the  lake  after  nightfall,  were  never  heard  of  afterward.  So 
firm  was  their  belief  in  this  musty  and  absurd  tradition,  they  would 
not  venture  upon  the  lake  in  canoes,  or  eat  fish  taken  from  it.'** 

The  word  ^TVIanitou''  among  certain  of  the  American  Indians 
signified  spirit  or  other  object  of  religious  awe  or  reverence.  Two 
manitous  or  spirits  are  spoken  of  in  Indian  traditions — one  the 
spirit  of  good,  the  other  the  spirit  of  evil.  The  latter  must  have  been 
the  one  from  which  Lake  Manitou  was  named,  as  Dr.  Gould  states 
that  "it  was  also  known  as  TDevil's  Lake'  to  the  Indians  and  to  all 
the  early  settlers.  Most  of  the  latter  believed  Td!anitou'  means 
^Devil.'  The  Devil  was  even  reputed  to  have  been  seen  by  some 
of  these  early  settlers,  especially  when  they  had  snakes  in  their 
boots." 

The  shores  of  the  lake  have  lost  much  of  their  primitive  beauty  on 
account  of  the  destruction  of  timber  formerly  covering  the  border- 
ing territory.  They  are  much  diversified  in  character,  being,  for  the 
most  part,  low  and  marshy.  In  places,  however,  they  rise  15  to  40 
feet  above  the  water  level  and  are  prettily  wooded  with  oak  and  other 
timber.  Tliis  is  especially  true  of  a  stretch  on  the  east  shore  above 
and  below  the  Fast  Side  Hotel.  Here  the  bank  rises  abniptly  and 
the  wooded  grove  on  its  crest  offers  fine  sites  for  cottages — a  number 
of  w^hich  have  been  erected.  The  bottom  of  the  lake  bordering  this 
Ktretcli  is  of  gravel  and  afl^ords  fine  facilities  for  bathing,  the  water 
increasing  gradually  to  10  feet  in  depth  50  feet  from  shore. 

*  Loc.  cit.,  p.  476, 
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Three  wooded  islands,  Coney,  Long  and  Round,  rise  10  to  15  feet 
above  the  water  level.  Coney  Island  has  one  or  two  buildings  upon 
it  and  is  quite  a  resort  for  a  certain  element  of  Rochester's  popula- 
tion. The  other  two  are  often  occupied  as  fishing  camps.  West  and 
south  of  Long  Island  are  the  remains  of  many  oak  stumps  and  logs 
in  water  three  to  five  feet  deep,  showing  that  the  area  of  the  island 
was  formerly  much  larger  than  at  present.  Southwest  of  Round 
Island  is  an  extensive  marsh  known  as  the  Goose  Pond.  Its  bottom 
is  of  muck,  and  the  water  only  from  one  to  five  feet  in  depth.  The 
spatterdock  or  yellow  pond  lily,  Nymphcea  advena  Soland,  and  im- 
mense numbers  of  cat-tails,  Typha  latifolia  L.,  flourish  there,  and  so 
clog  the  waters  that  they  are  impassible  for  a  boat.  By  their  decay 
they  are  slowly  adding  to  the  thickness  of  the  muck  so  that  but  a  few 
years  will  elapse  until  this  portion  of  the  lake  will  become  a  muck 
meadow.  Now  it  is  the  abiding  place  of  myriads  of  muskrats  and,  in 
spring  and  autumn,  the  temporary  home  of  thousands  of  water  fowl. 

A  lake  possessing  so  large  a  shallow  water  area  as  does  Manitou,  is 
always  productive  of  an  extensive  aquatic  flora.  A  number  of  species 
of  pondweed,  Potamogeton,  flourish  everywhere  in  water  under  10 
feet,  and  their  flowering  and  fruiting  tips  rise  above  the  surface  and 
are  swayed  by  every  passing  breeze.  The  water  weed  or  ditch-moss, 
Philoiria  canadensis  (Miehx.),  abounds  beneath  the  surface  of  all  the 
bays  and  at  the  mouth  of  the  inlets.  The  eel  grass,  Vallisneria 
spiralis  L.,  famous  food  for  ducks,  grows  aroimd  the  edges  of  the 
deeper  water  of  the  original  lakes,  its  curiously  coiled,  fruiting  stem 
showing  prettily  through  the  clearer  depths.  Two  or  three  species 
of  rushes,  Scirpns,  form  wide  belts  of  vegetation  in  many  parts  of 
the  lake,  being  especially  common  along  the  shelving  margins  of  the 
original  lakes.  The  peltate  leaves  of  the  water  shield,  Brasenia 
purpurea  (Miehx.),  float  placidly  and  reflect  the  sunshine  from  their 
dark  green  surface  in  many  places,  while  great  patches  of  the  bottom 
here  and  there  are  carpeted  with  the  waving  plumes  of  Chara, 
Scores  of  other  plants  abound  within  or  about  the  margins  of  this 
lake,  those  mentioned  being  only  the  ones  which  caught  our  notice 
during  a  hurried  reconnaisance  of  the  marl  resources  of  its  bottom. 
One  could  with  profit  spend  an  entire  season,  if  not  several  of  them, 
in  studying  and  making  a  permanent  record  of  its  flora,  paying 
especial  attention  to  the  zone  of  depth  in  which  each  species  grows, 
and  grouping  those  of  each  zone  in  its  proper  class. 

"["he  fish  fauna  of  the  lake  is  well  worthy  of  mention  as  it  attracts 
hundreds  of  anglers  each  season.  The  first  19  species  of  the  follow- 
ing list  were  taken  from  it  in  one  day  a  few  years  ago  by  Messrs. 
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Eigenmann  and  Norman.  The  remaining  five  species  are  said  to 
occur  therein  by  Dr.  Vernon  Gould,  who  for  years  has  given  special 
attention  to  the  geology,  flora  and  fauna  of  Fulton  County. 

List  of  Fishes  Known  to  Ocoub  in  Lake  Manitou. 

1.  Pdydon  spatkula  (Walbaum).     Spoon-bill  Cat;  Duck-bill  Cat.    One 

weighing  114^  pounds  was  taken  from  the  lake  some  years  ago. 

2.  Lepisosteus  pUxiystomua  Raf.     Short-nosed  Gar-pike. 

3.  Ameiurus  natalis  (Le  S.).     Yellow  Cat. 

4.  Erimyzon  mceiia  oblongus  (Mitch.).     Chub  Sucker;  Sweet  Sucker. 

5.  Pimephales  notatua  (Raf.).     Blunt-nosed  Minnow. 

6.  Notropis  whipplei  Qirard.     Silver-fin. 

7.  HyhopsiskentvAkiensis  (Rsit).     Horny  Head;  River  Chub;  Jerker. 

8.  Zygonectes  dupar  Agassiz.     Top  Minnow. 

9.  Umbra  limi  (Kirtland).     Mud  Minnow. 

10.  Lucitu  vermicidatus  (Le  S.).     Little  Pickerel. 

11.'  Labidegthes  siccidtis  Cope.     Brook  Silverside. 

12  Pomoxis  sparoidei  (LoLC^p^de).     Calico  Bass;  OrassBass;  Croppie. 

13.  Lepomia  paUidus  (Mitch.).     Blue  Sunfish ;  Blue-gill ;  Dollardee. 

14  Lepomis  heroa  (B.  and  O.).     Chain-sided  Sunfish. 

15.  Lepomis    gibbosm    (L.).      Common  Sunfish;    Bream;    Pondfish; 

Pumpkinseed. 

16.  Micrapterus  acdmoides   (Lac^pdde).      Large-mouthed   Black   Bass; 

Oreen  Bass. 

17.  Etheostoma  Uennioides  Raf.     Oreen-sided  Darter. 

18.  Perca  flaveseens  (Mitch,).     Yellow  Perah;  Ringed  Perch. 

19.  CoUuBbairdi(G\r9Lrd).     Miller's  Thumb ;  Blob;  Muflfle-jaw. 

20.  Amia  calva  L.     Dogfish ;  Mudfish. 

21.  Ictiobus  cyprineUa  (Cuv.  and  Val.).     Buffalo  Fish.     Said  to  reach 

a  weight  of  65  pounds. 

22.  Coregonui  arUdi  Le  S.     Cisco;  Lake  Herring.     Inhabit  only  the 

deeper  waters,  except  in  late  autumn,  when  they  visit  the 

shoals. 
28.     Esox  lucius  L.     Pike.     Formerly  common,  but  now  rarely  taken. 
24.     ChcBnobryttm  gulosw  (Cuv.  and  Val.).     War-mouth ;  Indian  Fish. 

Plight  species  of  turtles  occur  in  and  about  Manitou  Lake.  Rep- 
resentatives of  all  were  seen  by  the  writer,  either  in  the  lake  or  in  the 
collection  of  turtle  shells  made  by  Dr.  Gould.  This  niiinber  is  ex- 
ceeded only  at  one  other  lake  in  the  Stitte,  viz.,  Bass  l^ako,  Starke 
County,  where  one  additional  species  is  known  to  occnr.  Those 
found  at  Manitou  Lake  are  as  follows: 


LAKES   AND   MARL   DEPOSITS   OP  NORTHERN    INDIANA.  223 

1.  Aspidoneetes  apintfer  (Le  8.).     Common  Soft-shelled  Turtle. 

2.  Chdydra  serpentina  (L  ).     Common  Snapping  Turtle. 

3.  Aromochelya  odorafus  (Latreille).     Musk  Turtle ;  Stink-pot. 
4  Maladeinmys  ge  ^graphicus  (Le  S  ).     Map  Turtle. 

5.  Psevdemys  elegans  (Weld.).     Elegant  Terrapin. 

6.  Chrysemys  marginata  ( Agassiz).     Painted  Turtle ;  Mud  Turtle. 

7.  Clemmys  guttatus  (Schneider).     Speckled  Tortoise. 

8.  Emys  mdeagris  (Shaw).     Blanding's  Box  Tortoise.      This  and  the 

last  named  species  are  more  often  found  io  the  ditches  leading 
into  the  lake  than  within  its  actual  water  area. 

The  moUusca  of  the  lake  appeared  to  be  few  in  number  of  species. 
But  little  attention  was,  however,  given  to  them,  the  following  bi- 
valves alone  being  noted:  Unio  iris  Lea;  U,  subrostratus  Say;  V, 
luteolus  Lam.;  Anodonta  footiana  Lea  and  A,  grandis  Say,  all  of  which 
were  common. 

Marl. — The  testing  of  Manitou  Lake  for  marl  was  more  thorough 
than  in  most  other  lakes,  Mr.  Blatchley  having  put  down  60  bores  in 
May,  1900,  and  Mr.  Hugh  Holman  137  at  a  later  date.  The  results 
show  that  the  area  covered  by  the  original  lakes  is  all  underlain 
with  marl,  the  thickness  of  the  deposits  ranging  between  one  and 
19+  feet,  the  length  of  the  auger  used  being  22  feet.  In  but  a  few 
places  was  marl  found  in  water  less  than  four  feet  deep,  the  bottom 
being  of  muck  and  sand,  and  no  marl  occurs  in  one  and  two-foot 
water.  Marl  was  almost  everywhere  present  beneath  four-foot  water, 
47  out  of  66  bores  put  down  at  that  depth  finding  it  ranging  in  thick- 
ness up  to  18+  feet.  Fourteen  of  the  47  did  not  reach  the  bottom  of 
the  deposit,  while  the  average  thickness  of  the  deposit  pierced  by 
the  33  bores  reaching  bottom  was  7.8  feet.  In  all  water  over  four 
feet,  within  the  bounds  of  marl  territory  shown  on  the  map,  marl  was 
found,  and  by  far  the  greater  number  of  bores  did  not  reach  bottom, 
thus  showing  that  it  occurs  only  within  the  limits  of  the  original 
lakes.  The  best  deposit,  but  not  the  most  available,  probably  occurs 
in  what  was  formerly  Clear  Lake,  in  the  southwestern  corner  of  the 
main  body  of  the  present  water  area.  This  lake  had  an  area  of  80  or 
more  acres,  and  evervwhere  in  four  to  six  feet  of  water  about  its 
former  margin  the  marl  was  beyond  the  depth  of  the  auger  and  of 
a  fine  quality.  About  twenty-five  acres  of  this  deposit  is  at  present 
available,  the  remainder  being  beneath  water  10  to  39  feet  in  depth. 
There  is  not  much  shallow  water  in  the  long  southern  lobe  of  the 
lake  below  Long  Island.  The  four-foot  water-line  along  the  west 
shore  is  about  100  feet  from  the  margin  of  the  lake  and  the  bottom 
usually  shelves  off  rapidly  into  deep  water.    About  the  margins  of 
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Round  Island  several  bores  showed  marl  to  be  16+  feet  in  six-foot 
water,  while  in  four-foot  wat^r  it  was  reduced  to  10  feet  with  gravel 
beneath.  Half  way  down  the  south  lobe  and  about  200  yards  cast 
of  the  west  margin  "a  blind  island^'  or  shoal  several  acres  in  extent 
comes  within  a  few  feet  of  the  surface.  Here  the  marl  is  everywhere 
below  reach  of  auger  in  four  to  17  feet  of  water.  For  a  long  distance 
north  of  the  inlet  the  southern  lobe  is  choked  with  vegetation  under- 
lain with  deep  muck.  Along  the  east  shore  opposite  the  hotel  and 
cottages,  the  10-foot  water  line  is  only  40  to  60  feet  from  the  margin 
of  the  lake.  Marl  sets  in  in  six  to  eight  feet  of  water  and  in  water 
over  12  feet  the  bottom  of  the  deposit  was  beyond  reach  of  the 
auger. 

E«st  and  north  of  Long  Island  the  shallow  water  area  is  wide,  in 
places  extending  out  700  feet  from  shore.  In  all  places  tested  the 
marl  is  over  10  feet  thick  in  five-foot  water  and,  within  the  limit  line 
shown  on  the  map,  but  few  bores  were  put  down  in  which  the  bottom 
of  the  deposit  was  reached,  and  they  were  close  to  the  shore  of  the 
lake  or  island  in  three  and  four-foot  water.  The  quality  of  the  marl 
in  this  region  is  not  so  good  as  in  Clear  Lake  and  the  area  west  of 
Long  Island,  it  being  darker  in  color  and  coarser  grained.  In  some 
places  the  marl  is  overlain  by  one  to  three  feet  of  muck. 

West  of  Ix)ng  Island  and  north  of  the  east-west  section  line  is 
a  large  area  of  water  from  four  to  20  feet  in  depth  which  is  almost 
everyw^herc  underlain  with  marl.  No  bore  in  water  over  five  feet 
reached  the  bottom  of  the  deposit,  while  most  of  those  in  four  and 
five  feet  of  water  found  the  deposit  to  be  10  to  14  feet  in  thickness. 
Along  the  north  shore,  for  100  to  350  feet  out  the  bottom  is  for  the 
most  part  of  gravel  and  the  water  less  than  four  feet  in  depth.  Mr. 
Holman  has  computed  the  total  area  of  marl  in  the  lake  to  be  519J 
acres.  Of  this  fully  one-half  is  beneath  water  less  than  10  feet  in 
depth.  The  average  thickness  of  the  deposit,  as  shown  by  the  137 
bores  put  down  by  him,  was  10.34  feet,  but  it  must  be  remembered 
that  most  of  his  tests  were  made  in  shallow  water,  so  that  the  average 
depth  of  the  entire  deposit  is  much  greater. 

An  analysis  of  an  average  sample  of  the  marl  from  Manitou  Lake 
showed  its  composition  to  be  as  follows: 

Calcium  carbonate  (CaCo,) 87.65 

Magnesium  carbonate  (MgCo,) 2.60 

Alumina  (AljO.) 19 

Ferric  oxide  (FcaO.) 30 

Insoluble  inorganic  matter  (silica,  etc.) 6.39 

Organic   matter 2.88 

Total 100.01 
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This  shows  the  quality  of  the  marl  to  be  in  every  way  suitable 
for  the  rnaDufacture  of  Portland  cement.  The  percentage  of  in- 
soluble silica  is  rather  high,  but  as  silica  is  one  of  the  ingredients  of 
the  clay  used  as  a  factor  of  the  cement  it  is  not  harmful.  It  must  be 
remembered  that  the  samples  were  obtained  and  brought  up  by  the 
auger,  and  in  passing  through  the  surface  of  the  marl  deposit  were 
liable  to  be  mixed  with  diatoms  and  other  siliceous  impurities.  Sam- 
ples taken  in  another  manner,  from  the  midst  of  the  deposit  and 
carefully  kept  from  all  impurities  would  without  doubt  show  a  higher 
percentage  of  carbonate  of  lime. 

Finally,  it  may  be  said  that  the  marl  deposit  of  Maintou  Lake  is 
well  worthy  the  attention  of  capitalists.  Its  area,  thickness,  and 
availability  are  all  excellent.  It  lies  within  one-quarter  of  a  mile  of 
the  Lake  Erie  &  Western  and  within  three-fourths  of  a  mile  of  the 
Chicago  ^  Erie  railways,  which  furnish  excellent  transportation 
facilities  in  all  directions. 

NORTH  AND  SOUTH  MUD  LAKES. 
DEPOBit  OF  Doubtful  Workable  Size,  Partly  Under  Dekp  Water. 


These  two  lakes  lie  in  sections  15,  16,  21  and  22  (29  north,  3  east), 
Liberty  Township,  eight  miles  south  of  Rochester  and  three  miles 
west  of  the  L.  E.  &  W.  Railway.  By  the  encroachment  of  decaying 
vegetation  and  by  draining,  their  water  area  has  been  reduced  more 
than  one-half  within  the  past  20  years. 

KORTH  MUD   LA  KB. 

This  lake  has  at  present  a  water  area  of  only  60  acres.  It  is  about 
160  rods  long  by  40  to  60  rods  wide  and  is  divided  into  two  lobes, 
which  are  connected  by  a  channel  75  feet  wide  by  300  feet  in  length. 
The  upper  and  larger  lobe  has  low  marshy  shores  on  its  east  and 
north  sides.  About  the  inlet  which  enters  near  the  middle  of  the 
east  shore  the  marsh  extends  back  for  a  long  distance,  forming  an 
area  of  60  or  more  acres.  This  was  formerly  covered  with  water  and 
comprised  a  portion  of  the  lake  shown  on  the  older  maps.  The  banks 
of  the  west  shore  rise  20  to  30  feet,  back  10  or  more  rods  from  the 
water's  edge,  a  marsh  intervening,  except  on  the  south  half,  where 
the  bluff  rises  close  to  the  water.  The  margins  of  the  water  contain 
many  rushes,  spatterdock  and  other  aquatic  plants.  The  south  lobe 
comprises  about  25  acres  of  water  with  high  cultivated  banks  on  the 
north  and  west  and  low  marshy  ones  on  the  south  and  east.  The 
marsh  on  the  east  is,  however,  not  more  than  20  rods  wide  and  then 
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rises  into  sloping  wooded  hillsides.  The  maximum  depth  of  water  in 
the  lake  is  50  feet  and  the  shallow  water  area  is  everywhere  very 
narrow. 

Along  those  portions  of  the  water  margin  of  this  lake  on  the  east 
and  north  shores,  which  bordered  the  tracts  of  bare  marsH  marl  were 
myriads  of  the  dead  shells  of  small  univalve  mollusks.  They  had 
been  thrown  up  by  the  waves  into  ridges,  several  inches  thick  and 
a  foot  or  two  wide.  This  was  the  only  lake  where  such  an  accumula- 
tion of  univalve  shells  was  noted,  and  it  is  possible  that  in  the  past 
their  remains  have  contributed  largely  to  the  formation  of  the  sur- 
rounding and  underlying  marl.  A  pint  or  so  of  the  shells  were 
scraped  up,  and  their  determination  discloses  the  following  species. 
The  approximate  relative  abundance  of  each  as  represented  in  the 
mass  collected,  is  also  given: 

lAmnophyM  dend%09a  Saj 4  per  cent. 

IAmnophy$a  humili$  Saj 2  per  cent. 

Phy§a  heteroHropha  Saj 12  per  cent. 

Helisoma  trivolvU  Saj 5  per  cent. 

HdUoma  htcarinata  Saj 3  per  cent. 

Memetm  exaeuiua  Saj 1  per  cent 

QyratUus  parvus  Saj 12  per  cent. 

Amnicoia  limoia  Saj 20  per  cent. 

Amnicola  eineinnaiienns  Anthony. 20  per  cent. 

Amnieola  huiriea  Say 10  per  cent. 

Remains  of  broken  shells,  in  part  species  of  SpluBrium,  undeter- 
minable, made  up  the  remaining  11  per  cent.  It  will  be  noted  that 
the  three  species  of  Amnicola  make  up  50  per  cent,  of  the  mass  col- 
lected. Of  these  A,  lusirica  has  not  heretofore  been  collected  in  the 
State. 

Marl. — At  Minter's  boat  landing  on  the  east  side,  near  the  north 
end  of  the  south  lobe,  the  bottom  is  of  muck  20+  feet  thick,  and 
shelves  rapidly,  20-foot  water  being  found  50  feet  from  shore. 
One  hundred  yards  northwest,  on  the  south  shore  of  the  point  of  land 
separating  the  two  lobes,  the  marl  forms  the  bottom,  being  20-f-  feet 
thick  in  two-foot  water,  and  seven  feet  thick  at  shore.  On  the  east 
side  of  the  north  lobe  south  of  the  inlet,  the  marl  at  the  shore  is  15 
feet  thick,  and  75  feet  back  is  three  feet  thiok,  there  being  probably 
five  acres  of  marsh  underlain  with  shallow  depths  of  marl.  North  of 
the  inlet  for  30  or  more  rods  deep  muck  only  occurs  in  all  the  shallow 
water  area.  Marl  then  sets  in  again,  being  seven  feet  thick  in  four- 
foot  water  and  beyond  reach  of  auger  in  10- foot  water.  A  short  dis- 
tance farther  on  it  forms  the  surface  of  several  acres  of  marsh, 
being  10  feet  thick  at  the  shore  line  and  12  feet  thick  200  feet  back, 
after  which  muck  begins  to  cover  it  and  rapidly  thickens.     The 
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northeastern  comer  of  this  lobe  of  the  lake  is  also  bordered  by  a 
strip  of  marsh  marl,  200  yards  long  by  150  feet  wide  which  runs  from 
20+  feet  in  thickness  at  shore  to  0  at  the  eastern  side.  Along  all  of 
the  north  and  west  shores  muck  12+  feet  thick  forms  the  bottom  of 
all  water  less  than  15  feet  in  depth,  except  in  a  few  places,  where 
shallow  deposits  of  marl  occur.  Along  the  west  side  of  the  south 
lobe  the  shallow  water  area  is  only  15  to  26  feet  in  width  and  is 
underlain  with  marl  five  to  eight  feet  thick,  with  sand  beneath.  The 
bottom  along  the  south  shore  is  wholly  of  deep  muck.  The  south 
half  of  the  east  shore  is  bordered  with  marl  which  at  shore  line  is 
15  feet  thick.  Marl  also  forms  the  surface  of  the  marsh  between  the 
water  and  the  wooded  slope,  for  150  feet  back,  where  it  .is  six  feet 
thick.  Muck  then  sets  in  and  forms  the  surface  to  the  base  of  the 
hills. 

There  is  probably  25  acres  of  available  marl  10  to  12  feet  in  aver- 
age thickness  on  this  lake  and  probably  as  much  or  more  beneath  its 
deep  water.  The  large  marsh  east  of  the  mouth  of  the  inlet  was 
not  tested,  except  along  its  margins,  where  it  was  wholly  of  muck. 

SOUTH   MOD  lAKK. 

The  north  line  of  the  water  area  of  this  lake  is  within  a  quarter 
of  a  mile  of  the  southern  end  of  North  Mud  Lake,  a  low  divide  inter- 
vening which  formerly  could  be  crossed  with  a  boat  during  high 
water.  The  lake  now  contains  about  50  acres  of  water,  with  a  marsh 
of  equal  or  greater  area  bordering  the  northeast  shore.  The  present 
water  area  is  elliptical  in  shape,  its  shores  everywhere  low,  and  bor- 
dered with  marsh.  A  small  island  covered  with  underbrush  is  located 
near  the  center  of  the  northern  half,  and  just  north  of  this  the 
maximum  depth  of  water,  26  feet,  occurs.  The  water  is  much  more 
turbid  than  in  the  North  Lake,  containing  myriads  of  the  lower 
forms  of  vegetable  life. 

Marl. — At  the  boat  landing  on  the  east  side,  one-third  of  the 
distance  from  the  south  shore,  marl  forms  the  surface  of  the  marsh 
for  50  to  75  feet  back  from  the  water's  edge,  and  averages  10  feet  in 
thickness.  The  bottom  of  the  shallow  water  area  all  around  the 
south  half  of  the  lake  is,  however,  mostly  of  muck.  Fifty  feet  out 
from  shore  the  wat«r  is  usually  16  to  20  feet  in  depth.  The  north 
half  has  a  wider  shallow  water  area  about  its  margins  which  is  usually 
underlain  with  marl.  Near  the  northwest  corner  there  is  a  marsh 
area  of  two  or  three  acres  on  the  west  shore  which  is  composed  wholly 
of  marl  12  to  16  feet  in  thickness.  The  island  at  the  center  of  the 
north  half  is  surrounded  by  marl  10+  feet  thick  in  eight  feet  of 
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water,  and  seven  to  10  feet  thick  at  the  water's  edge.  East  of  the 
island  along  the  eastern  shore  of  the  lake  the  marl  runs  from  10  feet 
in  thickness  in  one  foot  of  water  to  beyond  15  feet  in  three  feet  of 
water.  As  far  as  could  be  ascertained  the  large  marsh  to  the  north- 
east of  the  lake  is  covered  with  deep  muck.  Along  the  north  shore 
of  the  lake  the  marl  forms  the  surface  over  a  strip  150  feet  wide 
and  300  yards  long,  being  10  to  15  feet  in  thickness  at  the  edge  of 
the  shore  and  gradually  thinning  out  to  the  northward. 

The  area  of  available  marl  in  the  south  lake  is  less  than  in  the 
north  one.  If  the  two  lakes  were  drained  so  that  their  depth  would 
be  everywhere  below  10  feet,  there  is  little  doubt  but  that  a  workable 
deposit  would  be  disclosed  and  the  greater  thickness  of  the  marl  bed 
would  counterbalance  its  small  acreage. 

MARSH   DEPOSITS   NORTH   AND   NORTHWEST   OF    ROCHESTER. 

Not  of  Workable  Size. 

Several  beds  of  marl  occur  in  marshes  north  and  northwest  of 
Rochester.    Of  these  two  were  visit>ed. 

SMITH   DEPOSIT. 

On  the  land  of  Jerry  I).  Smith,  southeast  quarter  of  the  northwest 
quarter  of  section  31  (31  north,  3  east),  one-third  of  a  mile  south  of 
the  Tippecanoe  River  and  two  miles  northwest  of  Rochester,  marl 
occurs  beneath  the  marsh  of  a  valley  which  was  formerly  occupied 
by  a  small  lake.  The  marl  averages  16+  feet  in  thickness  over  an 
area  of  10  to  12  acres.  Over  the  larger  part  of  this  area  muck  one  to 
four  feet  thick  overlies  the  marl.  The  latter  is  of  excellent  quality 
und  was,  in  the  early  settlement  of  the  county,  burned  into  lime. 

8I8S0N   &  MILLER  DEPOSIT. 

Seven  miles  northwest  of  Rochester,  on  the  land  of  Chas.  Sisson 
and  Peter  Miller,  in  the  northwest  quarter  of  the  northeast  quarter 
of  section  21  (31  north,  2  cast),  there  is  a  small  lake,  surrounded  by 
a  wide  marsh,  both  of  which  are  partly  underlain  by  a  thick  deposit 
of  a  good  quality  of  marl.  Fifteen  bores  were  put  down  about  10 
rods  apart  in  the  marsh  or  at  the  edge  of  the  water,  no  boat  being 
available.  All  of  these  found  marl  which  varied  in  thickness  from 
two  to  18+  feet,  the  latter  being  at  the  water's  edge.  The  marl  in  the 
marsh  is  trenerallv  overlain  with  muck  from  six  inches  to  two  feet 
thick.  FYom  indications  about  the  shores,  the*  present  water  area 
of  15  acres  is  all  underlain  with  a  thick  bed  of  marl,  there  being  35 
to  40  acres  in  the  entire  deposit. 
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BRUGB'S  LAKB. 
Not  a  Workable  Dxpoerr. 

This  lake,  formerly  noted  for  its  beauty  and  its  fine  fishing  facili- 
ties, is  now  a  desolate  stretch  of  water  bordered  by  bare,  gravelly 
shores,  and  in  many  places  choked  by  aquatic  vegetation.  These 
changes  have  mainly  been  brought  about  in  the  past  three  years  by 
a  dredged  ditch  on  the  west  side  of  the  lake  which  has  drained  oflE 
its  water  into  the  Tippecanoe  River.  The  lake,  as  outlined  on  the 
maps  of  10  years  ago,  occupied 
parts  of  sections  6  and  7  (30 
north,  1  east).  Union  Township, 
Fulton  County,  and  section  1 
(30  north,  1  west),  Harrison 
Township,  Pulaski  County.  That 
portion  in  Pulaski  County  and 
at  least  one-third  of  that  in  Ful- 
ton County,  is  now  a  marsh. 

The  immediate  shores  of  the 
lake  are,  for  the  most  part,  low, 
and  the  shallow  water  area  is 
now  wide.     Only  on  the  north 
half   of   the   east   side   do   the 
gravelly  banks  rise  any  distance 
above   the  water  level.     Here 
they  are  30  feet  high  with  a 
gravelly  plain  10  to  15  rods  wide 
intervening  between  them  and 
the    lake.      On    the    northeast 
sliore  the  gravel  banks  slope  gradually  up  15  to  20  feet  above  the 
water  and  a  small  timbered  area,  the  only  one  about  the  lake,  lies 
back  of  them.    The  giant  bulrush,  Scirpu^  lacustris  L.,  extends  out 
250  or  more  feet  from  the  shore,  the  six-foot  water  line  being  that 
distcUKo  out.    The  west  half  of  the  north  shore,  for  40  rods  out  in 
places,  is  a  vast  muck  bed,  over  which  flourishes  a  thick  growth  of 
eat-tiiil  flags,  Typha  laiifolia  L.    The  north  half  of  the  west  shore  is 
similarly  belted  with  a  growth  of  cat-tails,  about  three  rods  wide. 
Back  of  this  belt  the  bare  hills  of  gravel  and  clay  rise  10  to  15  feet. 
Opposite  the  point  of  land  extending  out  from  (A)  the  lake  is  almost 
filled  with  riuKk  and  aquatic  plants  and  it  will  be  but  a  few  years  be- 
fore the  smaller  southern  lobe  is  wholly  separated  from  the  larger 
one  to  the  north.    This  southern  lobe  is  now  not  over  40  rods  wide 
and  the  deepest  water  found  in  it  was  18  feet  at  several  points  near 
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230  BSPOBT  OF  8TATB  GB0L00I8T. 

its  center.  The  extreme  southeastern  bay  is  about  30  rods  in  aver- 
age width,  and  the  water  ranges  up  to  15  feet  in  depth.    The  eastern 

shore  of  this  portion,  as  well  as  of  the  main  body  of  water,  is  every- 
where bordered  with  rushes  which,  on  an  average,  extend  out  10  rods 
from  the  water's  edge,  though  in  one  place  north  of  (A)  they  extend 
out  40  rods.  The  maximum  width  of  the  main  body  of  the  lake  is 
about  one-half  a  mile,  and  its  greatest  depth,  in  October,  1900,  was  26 
feet. 

Bruce's  Lake  has  long  been  noted  as  an  excellent  fishing  resort. 
Black  bass,  blue-gills,  cat-fish,  war-mouth,  goggle-eye,  sunfish,  perch 
and  occasionally  a  pickerel,  were  caught  before  the  lake  was  lowered. 
Since  then  all  kinds  of  fish  have  been  growing  gradually  fewer  in 
number,  and  many  of  the  fishermen  who  formerly  sought  its  bounds 
with  an  assurance  of  a  good  catch  now  cast  their  lines  in  more  distant 
lakes.  Water  fowl,  too,  were  then  abundant.  Being  distant  from  any 
other  lake,  most  of  the  migratory  ducks,  geese,  snipe  and  rails,  pass- 
ing anywhere  near  its  surface,  stopped  to  feed  or  to  float  on  its  quiet 
waters,  and  many  hunters  were  attracted  thither  in  autumn  and 
spring.  At  the  present  annual  rate  of  decrease  of  its  water  area, 
but  a  few  years  can  elapse  before  this  Mecca  of  fishermen  and  hunters 
will  be  wholly  a  marsh  of  cat-tails  and  rushes.  A  score  of  years  will 
see  it  changed  into  a  vast  acreage  of  corn-producing  land — ^which 
change  is  doubtless  what  the  gold-seeking  land  owners,  who  have 
begun  the  drainage  of  its  waters,  most  fervently  desire. 

Marl. — The  marl  in  Bruce  Lake,  where  it  occurs  at  all,  is  a  long 
distance  from  the  present  shore  line  and  is  mostly  overlain  with 
muck.  Numerous  tests  along  the  north  half  of  the  east  shore,  160  to 
250  feet  out,  at  the  six-foot  water  line,  showed  muck  eight  feet, 
marl  4+  feet.  Alon^  the  east  half  of  the  north  shore  sand  only  oc- 
curs beneath  three-foot  water  200  feet  from  shore;  but  in  six-foot 
water  300  feet  out,  the  marl  was  12+  feet  thick  and  dark  in  color. 
The  west  half  of  the  north  shore  is  a  muck  bed,  as  above  stated. 
Along  the  west  shore  marl  four  to  8+  feet  thick  is  found  in  a  few 
places  beneath  muck  of  varying  thickness,  but  for  the  most  part 
muck  only  occurs  beneath  all  water  less  than  10  feet  in  depth.  The 
same  conditions  prevail  in  the  shallow  water  around  the  southern 
lobe,  the  muck  being  almost  everywhere  beyond  reach  of  18-foot 
auger.  Beneath  shallow  water  in  the  middle  of  the  lake  opposite  (A) 
marl  was  found  beneath  six  to  eight  feet  of  muck,  but  it  was  of  a  yel- 
lowish cast,  due  to  the  seepage  through  the  overlying  muck.  While 
the  deeper  waters  of  the  lake  may  in  places  overlie  isolated  beds  of 
marl,  the  total  deposit  is  too  small  to  ever  become  available  for  ce- 
ment manufacture. 
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MARSHALL  COUNTY. 
Rbferenoes. — 

1859. — Eichard  Owen,  Geol.  Reconn.  of  Ind.,  p.  209. 

1885.— W.  H.  Thompson,  Fifteenth  Ann.  Rep.  Dep.  Geol.  &  Nat. 
Hist,  of  Ind.,  p.  177. 

1899. — Frank  Leverett,  Water  Supply  and  Irrigation  Papers,  U. 
S.  Geol.  Surv.,  No.  21,  p.  37. 

Marshall  County  lies  south  of  St.  Joseph  in  the  second  tier  south 
of  the  Michigan-Indiana  line.  It  is  bounded  on  the  east  by  Elkhart 
and  Kosciusko;  on  the  south  by  Fulton  and  on  the  west  by  Starke 
and  St.  Joseph  counties.  In  outline  it  is  almost  square  and  contains 
an  area  of  440  square  miles.  The  Tippecanoe  River  forms  a  loop  in 
the  extreme  southeast  corner,  entering  three  miles  north  and  leaving 
three  and  a  half  miles  west  of  the  comer.  Yellow  River  is  formed  by 
the  junction  of  its  three  main  branches  in  the  northeastern  part  of 
the  county  and,  flowing  in  a  southwesterly  direction,  leaves  the  west- 
ern edge  on  the  line  between  West  and  Union  townships.  Yellow 
Bank  and  Pine  Creek,  tributaries  of  the  Kankakee,  drain  the  north- 
western fourth  of  the  county. 

Railway  f acHities  are  ample,  three  great  trunk  lines,  viz.,  the  Balti- 
more &  Ohio,  Pittsburgh,  Ft.  Wayne  &  Chicago  and  "Nickel  Plate,^' 
crossing  the  county  from  east  to  west,  while  the  Logansport  Division 
of  the  Vandalia  crosses  from  north  to  south,  and  the  Lake  Erie  & 
Western  from  southeast  to  northwest.  Three  of  these  lines  converge 
at  Plymouth,  the  county  seat,  and  furnish  an  excellent  outlet  in  all 
directions.  The  following  is  the  altitude  in  feet  above  sea  level  of 
the  principal  stations  along  these  railways:  Argos,  824;  Bourbon, 
836;  Bremen,  813;  Burr  Oak,  782;  Culver,  751;  Donelson,  783; 
Harris,  838;  Hibbard,  783;  Inwood,  839;  La  Paz  Junction,  851; 
Plymouth,  790;  Tee  Garden,  768;  Tippecanoe,  783;  Twin  Lakes,  807; 
Tyner,  790. 

The  entire  county  is  covered  with  glacial  debris  the  bottom  of 
which  has  been  reached  only  at  Pl3^mouth,  where  stratified  rock  was 
found  at  a  depth  of  242  feet.  The  prominent  Maxinkuckee  moraine 
passes  through  the  western  range  of  townships  from  south  to  north. 
In  the  southwestern  part  of  the  county  it  forms  a  series  of  morainic 
knolls  and  ridges  about  Lake  Maxinkuckee  which  add  much  to  the 
attractiveness  of  the  scenerv  about  the  lake.  Outside  of  the  area 
covered  by  this  moraine  the  surface  of  the  county  is,  for  the  most 
part,  a  gently  undulating  plain,  broken  only  by  shallow  ravines  and 
valleys  formed  by  the  erosion  of  the  streams  above  mentioned. 
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The  lakes  of  the  county  are  few  in  number,  but  two — Maxinkuckee 
and  Lake  of  the  Woods — being  large  enough  to  attract  tourists  and 
sportsmen  to  their  bounds.  Of  these  Lake  Maxinkuckee  is  fully  de- 
scribed below.  It  ranks  among  the  larger  and  is  one  of  the  most 
picturesque  and  best  known  of  all  the  morainic  lakes  of  northern 
Indiana.  But  two  workable  deposits  of  marl  occur  in  the  county, 
both  being  in  Union  Township  in  the  southwestern  corner. 


LAKE  OF  THE  WOODS. 


Not  a  Workable  Deposit. 


This  lake  lies  two  miles  south  of  the  Baltimore  &  Ohio  Railway, 
on  the  line  between  the  civil  townships  of  German  and  North.  It  is 
about  four  miles  southwest  of  Bremen  and  the  same  distance  south- 
east of  La  Paz,  and  occupies  parts  of  sections  1  and  12  (34  north,  2 
east)  and  sections  6  and  7  (34  north,  3  east). 


Fig.  57.    Map  of  Lake  of  the  Woods,  Marshall  County,  Ind. 

The  length  of  the  lake  from  north  to  soutli  is  one  and  one-half 
miles  and  its  extreme  breadth  about  one  and  one-fourth  miles.  In 
shape  it  is  oval  with  a  fairly  regular  outline  except  on  the  west,  where 
a  broad  bay  increases  the  \^idth  half  a  mile.  In  most  places  the  area 
of  shallow  water  is  rather  broad,  the  shores  in  general  sloping  back 
gently  from  the  water's  edge. 
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Marl. — Marl  is  found  at  most  points  around  the  lake,  but  is  gen- 
erally quite  shallow.  Starting  with  a  sandy  bottom  at  (A)  tests  out 
to  10  feet  of  water  showed  only  muck  which,  at  (B),  was  from  three 
to  seven  feet  thick.  Around  the  point  at  (C)  the  bottom  is  hard. 
Between  (D)  and  (H)  some  marl  is  struck  at  all  points,  running  in 
thickness  from  one  to  seven  feet.  At  (F)  and  (H)  from  three  to 
five  feet  of  muck  overlies  the  marl. 

From  (I)  to  (K)  the  bottom  is  sandy,  becoming  toward  (K)  a 
marly  sand.  At  (L)  eight  feet  of  muck  was  found.  Toward  (M)  this 
becomes  marly,  while  near  (N)  a  foot  of  marl  is  found  beneath  eight 
feet  of  nmck.  At  (0)  the  thickest  marl  was  found,  there  being  nine 
feet  beneath  seven  feet  of  water.  From  (P)  to  (R)  the  marl  is  from 
one  to  two  feet  thick  overlain  by  a  few  inches  of  sand.  Over  a  con- 
siderable area  near  (S)  the  marl  is  only  a  few  inches  deep._  At  (T)  the 
bottom  is  sandy,  while  at  (U)  a  few  feet  of  marl  are  found. 

While  there  may  be  a  large  deposit  of  marl  under  the  deeper  water 
of  the  lake,  that  beneath  shallow  water  is  not  suflBcient  to  justify 
further  consideration. 

LAKE  MAXINKUOKBB. 

Bt  Dr.  J.  T.  SoovBLL. 

Large  Workable  Deposit,  Partly  Under  Deep  Water. 

Lake  Maxinkuckee  occupies  parts  of  sections  15,  16,  21,  22,  27,  28 
and  34  (32  north,  1  east).  The  lake  is  a  little  more  than  two  and  one- 
half  miles  long  from  north  to  south  and  about  one  «Tid  a  half  miles 
wide,  having  an  area  of  nearly  1,900  acres.  The  surface  of  the  lake 
is  about  73  i  feet  above  tide.  It  is  150  feet  above  Lake  Michigan, 
but  130  feet  below  the  summit  of  the  divide  between  Lake  Michigan 
and  the  Wabash  River.  The  lake  is  15  feet  above  the  Tippecanoe 
River  five  miles  south,  and  about  75  feet  above  English  Lake,  20 
miles  west.  These  elevations  show  that  it  is  on  a  slope  that  descends 
gently  toward  the  south  and  west.  The  lake  is  near  the  south- 
western angle  of  the  Saginaw  moraine  and  the  country  surrounding 
it  is  quite  varied.  There  are  hills  and  valleys,  broad  undulating  pla- 
teaus, wet  marshes  and  boggy  swamps.  The  soils  are  sand,  gravel, 
boulder  clay  and  swamp  muck.  There  are  more  hills  and  clay  and 
boulders  on  the  east,  more  sand  and  gravel,  more  marshes  and 
swamps  on  the  west.  On  the  east  the  surface  rises  somewhat  ab- 
ruptly to  a  general  level  of  75  or  80  feet  above  the  lake,  some  hills 
reaching  an  elevation  of  about  140  feet.     On  the  west  there  is  a 
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narrow  divide  25  to  30  feet  above  the  lake,  then  low  land  and  swamp. 
The  confused  mingling  of  sand,  gravel,  clay  and  boulders,  the  ir- 
regular hills  and  the  numerous  kettle  holes,  show  plainly  that  the 
surface  features  about  the  lake  are  of  glacial  origin. 

Wells  drilled  from  75  to  150  feet  through  sand,  gravel  and  clay 
without  reaching  bed  rock  indicate  that  the  lake  bed  is  wholly  com- 
posed of  morainic  materials.  In  fact,  it  seems  to  occupy  a  cluster  of 
kettle  holes,  one  long  and  deep  surrounded  by  several  of  lesser  size 
and  depth.  In  outline  the  lake  is  regular,  Ijong  Point  on  the  west 
forming  the  only  acute  angle  in  its  shore  line. 

The  region  drained  into  the  lake  is  quite  limited,  being  scarcely 
more  than  three  times  its  area.  On  the  north,  west  and  south  the  di- 
vide is  not,  on  the  average,  more  than  40  rods  from  the  lake.  On 
the  east  and  northeast,  in  some  places,  the  divide  is  a  mile  and  a  half 
distant.  On  the  east  the  drainage  area  has  been  much  extended  by 
ditches  which  reach  into  undrained  areas.  The  largest  inlet  flows 
into  the  northeastern  part  of  the  lake,  sometimes  called  Culver  Bay. 
The  main  stream  rises  about  a  mile  and  a  half  east  and  flows  north- 
westerly, westerly  and  southwesterly  into  the  lake-  A  large  branch 
of  this  stream  rises  about  the  same  distance  north  of  the  lake  and 
flowing  southerly  through  a  broad  shallow  valley  joins  the  main 
stream  near  the  lake.  The  middle  course  of  the  main  stream  is 
through  a  deep  narrow  valley  and  is  largely  made  up  by  springs. 
The  current  in  the  main  stream  is  quite  strong,  while  the  branch  is 
a  sluggish  stream.  Along  the  lower  course  of  this  inlet  there  are 
perhaps  100  acres  of  low  ground,  sometimes  boggy,  sometimes 
marshy,  but  generally  the  hard  sand  is  at  or  near  the  surface. 
Through  this  tract  the  stream  flows  in  an  artificial  channel.  This 
low  area  seems  to  be  rich  in  small  springs.  A  second  inlet,  sometimes 
called  the  Norris  Inlet,  flows  into  the  southeastern  angle  of  the 
lake.  It  rises  about  a  mile  and  a  half  east  and  flows  westerly  through 
a  broad  valley  into  the  lake.  Much  of  its  upper  course  is  through  an 
artificial  channel.  The  lower  course  is  through  a  marsh  about  80 
rods  wide  and  half  a  mile  long.  In  this  the  current  is  very  sluggish 
and  so  obstructed  by  vegetation  that  in  summer  it  is  diflicult  to  fol- 
low the  stream.  This  stream  is  fed  by  springs,  but  they  are  not  as 
abundant  as  along  the  one  flowing  into  Culver  Bay.  The  southeast 
inlet  is  generally  considered  the  main  inlet,  but  the  one  from  the 
northeast  carries  the  most  water.  A  third  inlet,  Aubeenaubee  Creek, 
comes  into  the  lake  from  the  east.  It  rises  about  one  mile  east  of  the 
lake  and  flowing  westerly  and  northwesterly,  breaks  through  the  low 
blufiF,  entering  the  lake  about  midway  between  the  other  two  streams. 
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It  is  a  small^  sluggish  stream^  and  much  of  its  course  is  through  low, 
marshy  or  swampy  ground.  The  greater  part  of  its  upper  course  is 
through  an  artificial  channel.  Like  the  others^  this  stream  is  largely 
fed  by  springs.  The  low  ground,  some  200  acres  in  area,  through  which 
it  flows,  is  separated  from  the  lake  by  a  narrow  ridge.  It  seems  possible 
that  it  might  formerly  have  been  a  shallow  lake  or  pond,  whose  outlet 
gradually  cut  down  its  bed  till  the  pond  was  drained  nearly  to  the 
level  of  the  main  lake.  The  marsh  and  swamp  vegetation  advancing 
as  the  water  was  drained  away  at  length  took  possession  of  the  whole 
area.  Besides  these  larger  streams  there  are  three  other  small 
streams  from  the  east  and  two  from  the  south,  but  none  rise  more 
than  half  a  mile  from  the  lake.  Those  from  the  east  are  largely  fed 
by  springs  and  flow  during  the  year,  but  those  from  the  south  are 
generally  dry  during  much  of  the  summer.  On  the  extreme  north- 
west of  the  lake  there  are  30  or  40  acres  of  marsh  land.  Around  this 
area  are  many  springs  that  contribute  to  the  waters  of  the  lake. 

The  outlet  is  a  sluggish  stream  which  flows  from  the  west  side  of 
the  lake  southerly  into  the  Tippecanoe  River.  The  valley  of  the  out- 
let is  about  80  rods  wide  and  consists  mainly  of  marsh  land.  As  it 
leaves  the  lake  the  outlet  is  about  16  feet  wide  and  20  inches  deep. 
About  80  rods  from  its  exit  the  outlet  expands  into  a  shallow  pond 
or  lake  having  an  area  of  about  60  acres  and  a  depth  of  from  three  to 
12  feet.  This  is  commonly  known  as  Lost  Lake,  but  is  sometimes 
called  Little  Maxinkuckee  or  Little  Lake.  Below  Lost  Lake  there  is 
perhaps  80  rods  of  definite  stream,  and  then  a  half  mile  or  so  of 
marshy  pond  and  then  a  definite  stream  again  with  low  marshy 
banks.  During  the  summer  the  stream  in  many  places  is  clogged  by 
vegetation  so  that  the  current  is  almost  imperceptible.  The  marshes 
along  the  east  and  southeast  inlets,  the  one  along  the  outlet  and  the 
one  on  the  northwest  of  the  lake  all  seem  to  be  underlain  by  a  bed  of 
hard  sand,  the  muck  or  black  mud  varying  from  one  to  20  feet  in 
depth.  The  lake  shore  even  along  these  marshes  is  generally  hard 
sand.  There  is  a  little  black  mud  near  the  outlet  and  some  near  the 
southeast  inlet,  but  fully  99/100  of  the  beach  is  hard  sand  or  gravel. 

Springs  and  Flowing  Wells. — *"The  springs  which  feed  Maxin- 
kuckee are  very  abundant,  not  only  from  the  shores,  but  they  may  be 
seen  in  the  clear  water  at  a  depth  of  10  feet  gushing  up  from  the 
bottom,  and  from  the  deepest  parts  of  the  lake  rise  columns  of  cold 
water,  chilling  the  bather  like  an  ice  bath.  These  springs  suggested 
the  probability  of  obtaining  successful  flowing  wells,  and  along  the 
eastern  and  northern  borders  of  the  lake  a  number  of  such  wells 


*Tbis  seeiion  is  Uk«n  T«rbaiim  ftt»m  th«  r«porti  of  W.  H.  Thompson  and  Frank 
LoTorottt  Iocs,  oit.— W.  S.  B. 
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have  been  obtained  which  rise  to  a  height  of  12  to  30  feet  above  the 
lake  surface.  The  water  from  these  wells  is  very  clear  and  cold,  and 
more  or  less  ferruginous,  a  few  of  the  wells  being  so  highly  impreg- 
nated with  iron  as  to  render  the  water  slightly  unpleasant  to  the 
taste  until  one  gets  used  to  it.  Most  of  the  water,  however,  is  ex- 
cellent at  the  first  taste,  and  all  of  it  is  perfectly  wholesome  in  use. 
The  first  well  driven  was  only  13  feet  in  depth.  Several  have  a  depth 
of  but  20  or  25  feet.  Others  are  put  down  to  a  depth  of  50  to  75 
feet.  One  well  has  a  depth  of  160  feet,  and  one  reached  a  depth  of 
203  feet.  There  appear  to  be  several  water  horizons,  but  the  head 
is  no  greater  from  the  deep  wells  than  from  the  shallow  ones,  and  the 
upper  horizon  is  as  strong  as  any. 

"The  deepest  of  these  flowing  wells  it  at  the  residence  of  D.  W. 
Morman.  At  the  time  of  the  writer^s  visit  the  water  scarcely  reached 
the  surface,  20  feet  above  the  level  of  the  lake.  Of  the  203  feet 
penetrated,  fully  90  per  cent,  is  thought  to  have  been  till,  the  sand 
beds  being  but  a  few  feet  in  thickness. 

"Two  wells  on  the  northeast  shore  have  a  head  31  feet  above  the 
surface  of  the  lake.  These  wells  are  each  72  feet  in  depth  and  have 
the  following  section: 

Soil  and  yellow  clay 8  feet 

Sand 14  feet. 

Blue  clay 38  feet. 

Sand  and  gravel 12  feet. 

Total 72  feet. 

"A  short  distance  east  of  these  wells  the  head  in  a  well  50  feet 
in  depth  is  but  19  feet  above  the  lake.  The  well  at  the  Peru  Club- 
house, on  the  east  side  of  the  lake,  was  bored  to  a  depth  of  160  feet 
and  obtained  only  a  weak  flow.  At  the  Indianapolis  Clubhouse  a 
good  flow  was  obtained  at  only  27  feet.  At  the  Highland  House  a 
well  33  feet  in  depth  entered  water-bearing  sand  at  a  depth  of  13 
feet.  Near  the  Highland  House  D.  W.  Morman,  of  Indianapolis,  has 
several  wells.  Four  of  them,  averaging  about  22  feet  in  depth,  are 
estimated  to  have  a  combined  discharge  of  15  barrels  per  minute. 
These  wells  feed  a  ram  which  supplies  the  grounds  with  water.  Mr. 
Morman  also  has  a  deeper  well,  with  the  following  section,  in  which 
the  flow  was  obtained  from  the  sand  above  the  blue  clay: 

Yellow  clay 11  feet. 

Sand 25  feet. 

Blue  clay 62  feet. 


Total   08  feet. 


ft 
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Surface  Levels  of  the  Lake. — The  level  of  the  lake  varies  but 
little,  probably  not  more  than  two  or  three  feet.  Records  made  by 
the  Vandalia  Railway  people  show  the  elevation  of  the  ground  at 
Culver  Station  to  be  751  f^et  above  tide.  The  surface  of  the  lake 
is  about  734  feet.  Between  October  18,  1895,  and  December  7, 
1898,  the  variations  were  from  733.30  feet  up  to  735.17  feet,  a  total 
of  only  1.87  feet.  I  could  get  no  account  of  very  high  water,  but  the 
lake  is  said  to  have  been  very  low  in  the  autumn  of  1871,  when  for. 
nearly  two  months  there  was  no  water  flowing  in  the  outlet.  When 
the  level  of  the  water  in  the  lake  is  734  feet  there  is  about  20  inches 
of  water  in  the  outlet.  During  the  low  water  of  1871  the  level  of  the 
lake  must  have  been  down  to  or  below  732  feet.  This  would  indicate 
an  extreme  variation  of  only  a  little  more  than  three  feet  in  the 
level  of  the  lake.  During  the  greater  part  of  the  year  the  outflow 
about  equals  the  inflow,  so  there  is  but  little  change  of  level,  but 
during  a  dry  summer  the  inflow  is  greatly  lessened  and  the  rapid 
evaporation  quickly  lowers  the  water  in  the  lake.  The  flow  of  water 
in  the  outlet  is  so  sluggish  that  the  Ipvel  of  the  lake  is  much  affected 
by  rains.  Two  days  of  heavy  rain  in  August,  1895,  raised  the  level 
of  the  lake  about  six  inches.  A  rain  beginping  during  the  night  of 
February  24,  1899,  and  continuing  through  the  next  day  raised  the 
level  about  five  inches.  During  the  high  water  the  flow  in  th^  outlet 
is,  of  course,  more  vigorous,  but  it  takes  weeks  and  sometimes^pftoatha 
to  carry  off  the  surplus  water  from  a  rain  of  two  or  three  days.t 

The  physical  conditions  about  Lake  Maxinkuckee  seem  quite  perr 
manent.  Tlie  lake  can  not  be  drained  much  below  732  feet  nor  can  it 
be  raised  much  above  735  feet.  These  changes  could  only  affect  the 
character  of  some  200  acres  of  marsh  land.  When  the  level  is  about 
735  feet  much  of  the  marsh  along  the  southeast  inlet  and  along  the 
outlet  is  flooded  so  that  perhaps  from  75  to  100  acres  of  marsh  grass 
can  not  be  cut  with  a  mower.  When  the  level  is  733  or  less  thia 
marsh  land  is  comparatively  dry  and  teams  can  work  over  most  of 
it  without  difficultv. 

Topography  of  the  Lake  Bed. — In  studying  the  bed  of  the  lake 
over  1,200  soundings  wore  made.  They  were  taken  along  23  different 
lines,  which  were  located  with  reference,  to  fixed  lines  and 
points  in  the  U.  S.  survey.  They  were  made  at  intervals  of  10  or  15 
oar  strokes.  The  length  of  an  oar  stroke  of  course  varied,  but  for  a 
given  line  they  would  be  practically  the  same.  Knowing  the  length 
of  the  line  and  the  number  of  soundings  the  average  distance  be- 
tween soundings  was  easily  worked  out,  and  the  locations  may  be  re- 
garded as  fairly  accurate.    While  tracing  out  the  outlines  of  bars 
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and  deep  holes  several  hundred  soundings  were  made  between  the 
lines  mentioned.  The  soundings  were  made  during  the  summers  of 
1897-1898  and  1899^  at  intervals  as  the  wind  and  other  circumstances 
were  favorable.  In  sounding  along  the  established  lines  we  used 
piano  wire  and  a  wheel  of  known  circumference.  In  work  on  the 
bars  a  sounding  pole  13  feet  in  length  was  used.  Much  of  the  lake 
bed  is  covered  with  a  very  fine  mud  which  made  it  di£5cult  to  tell 
just  where  the  water  stopped  and  the  bed  began.  But  in  spite  of 
this  and  other  diflSculties,  the  accompanying  map  gives  a  fairly  cor- 
rect idea  of  the  topography  of  the  lake  bed.  On  the  east  and  west 
line,  through  the  center  of  sections  21  and  22,  just  east  of  the  center 
of  the  lake  we  found  water  85  to  89  feet  deep.  We  heard  about 
much  deeper  water  but  could  not  find  it.  There  is  only  a  small  area 
of  this  deepest  water,  about  18  or  20  acres,  but  it  is  just  north  of  the 
center  of  some  300  acres  of  deep  water,  water  from  40  to  80  feet  in 
depth.  This  body  of  deep  water  is  near  the  geographical  center  of 
the  lake  and  includes  nearly  all  the  water  that  is  over  40  feet  in 
depth.  In  this  central  mass  toward  the  southwest  there  is  a  detached 
body  of  water  over  60  feet  deep,  and  there  are  two  similar  bodies  of 
water  over  50  feet  deep,,  one  north  and  the  other  south.  In  the 
southern  part  of  the  lake  there  is  a  small  area  of  40-foot  water  and 
there  are  two  small  areas  of  40-foot  water  in  the  northwestern  part 
of  the  lake.  Fully  one-half  the  area  of  the  lake  is  shallow  water,  10 
feet  or  less  in  depth.  These  areas  of  shallow  and  deep  water  are  very 
irregular  in  outline,  and  the  connecting  slopes  are  sometimes  gradual, 
but  often  very  abrupt,  so  that  the  surface  of  the  lake  bed  is  quite  as 
varied  and  irregular  as  the  surface  of  the  surrounding  country. 

The  body  of  deep  water,  nearly  three  times  longer  than  wide,  sug- 
gests the  idea  that  an  old  preglacial  drainage  channel  was  possibly 
the  origin  of  the  lake  bed.  Kettle  holes  are  numerous  on  both  sides 
of  the  lake,  forming  prominent  features  of  the  moraine,  and  they 
seem  to  be  the  rational  explanation  of  the  lake  bed.  The  original 
bed  mav  have  been  a  number  of  kettle  holes,  and  the  surface  was 
doubtless  sand  and  clay  and  gravel.  But  changes  have  occurred. 
The  shallow  parts  have  been  modified  by  waves  and  currents  and 
floating  ice.  The  remains  of  the  plants  and  animals  living  in  the 
lake  have  contributed  materials  to  the  lake  bed  and  so  have  the  for- 
ests and  other  vegetation  around  the  lake. 

The  distribution  of  soils  and  vegetation  in  Lake  Maxinkuekee  is 
very  interesting.  Along  the  shore  near  the  marshes,  bogs  and  inlets 
there  is  some  soil  and  considerable  vegetation.    Where  the  banks  are 
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abrupt  and  gravelly  or  clayey,  soil  arid  vegetation  are  both  scanty. 
Almost  everywhere  from  a  depth  of  one  or  two  feet  out  to  a  depth  of 
six  or  eight  feet  the  same  conditions  prevail.  On  the  east  large 
areas  in  this  zone  arc  almost  devoid  of  vegetation,  but  on  the  north, 
west  and  south  the  bed  of  the  lake  in  this  zone  is  well  covered  with 
a  stunted  growth  of  lime-cncrusted  chara,  with  occasional  plants  of 
Potamogeton  naiansy  P,  Incens,  and  Scirpus  lacuslris.  From  six  to 
eight  feet  to  20  or  25  feet  the  white  mud  or  marl  forms  a  soil,  and 
12  to  15  diflfcrent  species  of  plants  abound,  generally  forming  a  rank 
growth.  The  zone  of  shallow  water  is  swept  clean  of  all  fine  material, 
whether  mud  or  marl.  This  seems  to  have  been  done  by  undertow 
currents  caused  principally  by  the  winds.  Westerly  winds  are  more 
common  and  are  generally  stronger  than  other  winds,  and  on  the 
east>  where  such  winds  would  make  the  stronger  current,  we  find 
the  hard  gravel  bed  reaching  out  into  much  deeper  water  than  on 
the  other  sides  of  the  lake. 

During  the  summer  of  1899,  from  June  27th  to  September  Gth, 
inclusive,  I  noted  the  direction  of  the  wind  223  times,  morning,  noon 
and  night,  as  follows:  Easterly  90,  westerly  31,  northerly  34, 
southerly  47,  calm  21.  During  the  summer  months  the  easterly 
winds  prevail,  but  during  the  year  the  westerly  winds  prevail  and 
are  in  general  stronger  than  the  winds  from  the  other  quarters.  The 
westerly  winds  probably  account  for  the  broader,  barren  zone  on  the 
east,  while  the  winds  from  other  quarters  cause  currents  over  lesser 
areas  on  the  other  sides  of  the  lake.  It  seems  possible  that  differ- 
ences of  temperature  between  the  shallow  and  deep  water,  while 
seldom  more  than  two  or  three  degrees,  might  also  cause  currents 
toward  the  deeper  water  strong  enough  to  move  fine  materials.  On 
July  29th,  1899,  when  the  lake  was  quiet,  I  found  a  bottom  tempera- 
ture of  77**  P.  in  shallow  water  and  79**  in  water  seven  feet  deep. 
On  the  30th  it  was  76°  in  the  shallow  water  and  79**  in  the  deeper 
water.  On  September  1st,  1899,  it  was  77**  in  shallow  water  and 
79^**  in  the  deeper  water.  This  difference  of  temperature  would  not 
cause  a  very  vigorous  current,  but  it  might  do  something.  The  dif- 
ference in  temperature  between  the  surface  and  bottom  of  the  deeper 
portions  of  the  lake  is  much  greater,  the  bottom  temperature  in 
summer  being  47**  to  50**  F.,  while  the  surface  gets  as  warm  as 
77°  to  80°. 
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A  few  of  the  temperature  observations  taken  in  different  months 
on  the  air  and  water  are  as  follows: 
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On  March  llih  and  12th  the  ice  tiieltG<l  rapidly,  and  on  the  13th 
was  broken  «p  by  a  strong  west  wind  and  t^radnally  piled  up  on  the 
cast  side  of  the  lake.  There  was  Roirir  snow  and  cold  wcalhpr,  but 
the  i<-e  was  all  out  on  the  2-')th.  The  thickest  ice  of  which  I  conld 
hear  was  about  28  inches  in  1884. 

Ab  has  been  noted,  the  winter  ice  forms  lo  a  thickness  of  from 
15  to  25  inches.  As  the  ice  expands  it  crushes  against  the  banks 
with  great  force.  M'hcro  the  shores  are  low  the  ice  often  pushes 
great  quantities  of  sand  and  other  materials  up  into  ridges,  some- 
times two  or  three  feet  high.  These  ridges  or  ice  beaches  are  gen- 
erally washed  away  by  the  high  water  common  in  spring,  but  some- 
times they  remain,  making  a  distinct  and  somewhat  peculiar  plant 
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region.  Along  the  steep  banks,  the  boulders  that  have  fallen  to  the 
beach  during  the  summer  are  crowded  against  the  bank  by  the  ice, 
making  in  some  places  quite  extensive  stone  walls. 

Flora  of  the  Lake. — ^With  such  a  variety  of  soils  as  occur  in  and 
about  Lake  Maxinkuckee,  a  varied  flora  may  be  expected.  In  the 
waters  of  the  lake  there  are  great  quantities  of  microscopic  life 
which,  in  its  totality,  is  called  plankton.  Of  the  microscopic  plants 
Protoroccus,  Rivularia,  Oscillaria,  diatoms,  desmids  and  others  are 
common  everywhere  in  the  open  lake,  but  were  most  abundant  among 
tlie  higher  vegetation  along  the  shores.  Occasionally  Rivularia 
would  occur  in  such  quantities  as  to  be  conspicuous  to  the  naked  eye. 
Spirogyra,  Vaucheria,  (Elogonium,  Ilydrodiction,  Stigeoclonium, 
Nosioc,  Cladopliera,  Zygnema,  Chetophora  and  others,  often  occurred 
in  masses  in  the  shallow  waters.  Besides  these  lower  forms,  the  fol- 
lowing strictly  aquatic  members  of  the  higher  plants  occur  in  the 
waters  of  either  Lake  Maxinkuckee  or  Lost  Lake,  or  both.  The 
nomenclature  of  the  Phanerogams  is  that  of  Britton  &  Brown^s 
''Illustrated  Flora  of  the  Northern  United  States.'' 

NiTELLA  8P.  ? 

A  tall  slender  plant;  was  abundant  between  18  and  22  feet, 
ranging  from  12  to  25  feet.  In  water  from  20  to  25  feet  deep 
we  seldom  found  anything  besides  this  Nitella. 

NiTELLA  8P.  ? 

A  small  delicate  plant  found  in  shallow  water,  common  in  the 
marshes  and  in  the  lake  out  to  a  depth  of  two  feet. 

Chara  8P.  ? 

A  slender,  rank  growing  plant,  quite  free  from  lime;  was 
abundant  between  10  and  14  feet,  ranging  from  eight  to  24 
feet.  In  some  localities  this  chara  was  the  only  plant  found  be- 
tween 10  and  14  feet. 

Chara  sp.  ? 

A  stout  plant,  seldom  more  than  eight  inches  high,  was  thickly 
coaled  with  lime.  It  was  most  abundant  at  a  depth  of  from  six 
to  eight  feet,  often  forming  a  thick  mat  of  vegetation  to  the 
exclusion  of  other  plants. 

Chara  sp.  ? 

Much  smaller  than  the  above  mentioned,  quite  abundant  in 
shallow  water,  often  the  only  vegetation.    It  was  usually  thickly 
coated  with  lime. 
There  are  doubtless  othe;*  species  of  Chara  and  Nitella  about  the 
lake,  but  the  ones  mentioned  are  the  most  abundant 

16-G«ol. 
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PoTAMOGETON  NATANB  L.     Common  FloatiDg  Pond  weed. 

This  plant  was  more  common  in  the  southwestern  portion 
of  the  lake,  growing  in  water  from  four  to  six  feet  deep. 

PoTAMOGEToy  AMPLiFOLiUB  Tuckerm.     Large-leaved  Pondweed. 

This  plant  was  abundant  in  water  from  five  to  eight  feet  deep 
but  ranged  from  two  to  24  feet.  On  the  Sugar  Loaf  Bar  it  was 
abundant  and  rank  in  depths  from  nine  to  24  feet. 

PoTAMOGETON  LONGHiTES  Tuckenu.     LoDg-leaved  Pondweed. 

This  pondweed  was  common  everywhere  in  shallow  water. 
A  cluster  of  rank  potamogetons  growing  in  eight  to  ten-foot 
water  on  Weed  Patch  Bar  I  called  lonchiies,  but  I  do  not  feel 
quite  sure  that  I  was  correct. 

PoTAMOGEToy  HBTER0PHTLLU8  Scbreb.     Various-Ieaved  Pondweed. 

This  plant  was  quite  common  out  to  a  depth  of  four  f ecjj;. 

POTAMOGETON  LU0SN8  L.     Shining  Pondweed. 

This  plant,  sometimes  called  Perchweed,  was  widely  distrib- 
uted growing  most  commonly  in  water  from  six  to  eight  feet 
deep. 

PoTAMOGEToy  PRELONGU8  Wulf.     White-Stemmed  Pondweed. 

Not  very  common;  growing  in  water  from  eight  to  10  feet 
deep. 

PoTAMOGETON  PERFOLIATU8  L.     ClaspiDgleaved  Potidweed. 

Not  common  but  quite  abundant  in  a  few  localities  in  the 
south  part  of  the  lake.  More  common  in  water  from  eight  to 
12  feet  deep. 

PoTAMOGETON  zoBTERiEPOLius  Schurm.     E^l-grass. 

Quite  common.  More  abundant  between  10  and  16  feet,  but 
ranging  from  two  to  26  feet. 

PoTAMOGETON  FRIE8II  Ruprecht.     Fries'  Pondweed. 

Widely  distributed.  .  More  abundant  between  12  and  16  feet, 
but  ranging  from  eight  to  25  feet. 

PoTAMOGETON  PU8ILLU8  L.     Small  Pondweed. 

More  common  in  the  southeastern  portion  of  the  lake  in  deep 
water,  ranging  from  10  to  24  feet. 

PoTAMOGETON  PECTINATU8  L.     FeDDol-leaved  Pondweed. 

Forming  thick  masses,  excluding  other  vegetation,  in  water 
10  to  16  feet  deep;  also  in  shallow  water.  It  often  stands  at  the 
bead  of  a  steep  slope. 
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POTAMOOBTOK  BOBBiNsn  Oakes     RobbiDs'  Pondweed. 

Very  common  in  the  shallow  waters  of  the  Little  Lake,  but 
in  the  large  lake  more  common  in  water  from  10  to  18  feet  deep, 
ranging  from  two  to  24  feet. 

Naias  FI4EXIUS  (Willd.)  Host  and  Schmidt.     Slender  Naias. 

Very  abundant,  ranging  from  one  to  24  feet.  Most  common 
in  the  northeastern  part  of  the  lake. 

Naias  flexilis  robusta  Morong. 

This  plant,  while  not  common,  was  found  in  several  localities. 

Saoittabia  oraminea  Micbx.     Grass  leaved  Arrow-head. 
In  the  shallow  water  of  the  Little  Lake. 

Philotbia  canadensis  (Micbx.)  Britton.     Water- weed. 

'  Very  abundant  in  a  few  localities  ill  shallow  water,  as  near 
the  head  of  the  outlet.  It  is  widely  distributed  in  deep  water, 
ranging  from  one  to  22  feet. 

Vallisnebia  bpibalis  L.     Eel-grass;  Tape-grass. 

Said  to  be  the  wild-celery  of  Chesapeake  Bay.  The  plants 
bearing  pistillate  flowers  grow  in  shallow  water.  I  saw  none 
deeper  than  two  or  three  feet.  The  male  plant  was  most  abund- 
ant in  water  from  eight  to  18  feet.  We  found  it  as  deep  as  24 
feet.  The  pistillate  flower  is  carried  to  the  surface  of  the  water 
by  a  long  threadlike  scape.  After  fertilization  the  scape  forms 
a  spiral  of  several  coils  drawing  the  ovary  several  inches  under 
water,  where  the  seeds  ripen.  The  staminate  flower  has  a  short 
peduncle.  When  the  pollen  is  mature,  .the  flower  separates  from 
the  plant  and  rises  to  the  surface.  The  pollen,  escaping  from 
the  anther,  floats  away  to  the  pistillate  flowers.  The  buds  or 
stolons  formed  in  the  fall,  on  the  male  plant,  are  highly  prized 
by  mud  hens  and  ducks  as  food.  They  will  dive  10  or  15  feet 
for  them.  The  shores  are  often  thickly  covered  with  the  leaves 
they  break  off  while  getting  these  dainty  bits  of  food. 

ELE0CH4BI8  INTER8TINCTA  (Vahl.)  R.  sDd  S.     Knotted  Spike-rush. 

In  shallow  water  in  both  lakes,  often  forming  large  patches. 

Eleochabis  mutata  (L.)  R  and  S.     Quadrangular  Spike-rush. 

Abundant  in  shallow  water  near  the  mouth  of  the  southeast 
inlet. 

Eleochabis  palustbis  (L  )  R.  and  S.     Creeping  Spike-rush. 
Found  along  the  southern  shore  of  T^ake  Maxinkuckee. 

SciBPUS  amebicanus  Pers.     Cbair-makers'  Rush. 

Common  in  the  shallow  water  of  both  lakes. 
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SciBPUS  LAOUBTRiB  L.     Great  Bulrush. 

Common  in  the  western  and  southern  portions  of  the  lake 

m 

out  to  a  depth  of  seven  or  eight  feet.    Specimens  from  10  to  13 
feet  long  often  occur. 

Spxrodela  poltrhiza  (L.)  Scbleid.     Greater  Duckweed. 

Common  in  quiet  waters  about  the  lake  shores. 

Lemna  trisulca  L.     Ivy  leaved  Duckweed. 

Common  in  the  outlet  and  in  the  southeast  inlet. 

Lemna  minor  L.    Lesser  Duckweed. 

Often  found  with  Spirodela, 

WOLFFIA   COLUMBIANA   KafSt. 

In  the  southeast  inlet  and  in  the  outlet. 

Eeiooaulon  septanoularb  With.     Seven  augled  Pipewort. 

In  Lake  Maxinkuckee,  hut  not  common. 

Brasenia  purpurea  (Michx.)  Gasp.     Water  Shield. 

Very  abundant  in  the  outlet,  only  occasionally  found  in  the 
lake. 

Nymphjea  advena  Soland.     Large  Yellow  Pond  Lily. 
Common. 

Cabtalia  odorata  (Dryand)  Wood  and  Wood.     White  Water  Lily; 
Pond  Lily. 

Abundant  in  the  outlet  and  in  the  Little  I^jike.     Only  occa- 
sionally found  in  the  larger  lake. 

Ceratophyllum  demerbum  L.     Hornwort. 

Common  everywhere  to  a  depth  of  24  feet.     Abundant  in 
shallow  water  and  quite  plentiful  Imtweeu  14  and  20  feet. 

Batraghium   trichophyllum   (Chaix.)   Bosscb.     Stiff  White   Water 
Crowfoot. 

Abundant  in  the  southeastern  part  of  the  Little  Lake. 

RoRiPA  nasturtium  (L.)  Rusby.     Water  Cress. 

Abundant  in  the  northeast  inlet  and  in  other  places. 

Myriophyllum  8PICATUM  L.     Spiked  Water  Millfoil 

Abundant  in  the  Little  Lake  and  in  the  outlet.    In  water  from 
two  to  eight  feet  deej). 

Myriophyllum  verticillatum  L.     Wborled  Water  Millfoil. 

Found  in  both  lakes;  not  deeper  than  14  feet. 

Utricularia  purpurea  Walt.     Purple  Bladderwort. 

In  outlet. 
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Utbioulabia  yuloabib  L.    Greater  Bladderwort 

In  the  outlet  and  Little  Lake^  and  also  in  the  northeast  inlet. 

XJtbicu£4AR[a  intsrm£dia  Hayne.     Flat-leaved  Bladderwort 

In  the  outlet  and  Little  Lake. 

Utriculabia  minor  L.    Lesser  Bladderwort 

In  the  Little  Lake  and  outlet. 

Utbicularia  oibba  L.     Humped  Bladderwort. 
In  the  outlet. 

Utbicularia  bifloba  Lam.    Two-flowered  Bladderwort. 
In  the  Little  Lake. 

BiDENS  BECKn  Torr.     Water  Marigold. 

Pound  in  both  lakes.    Not  very  abundant,  but  ranging  from 
two  to  20  feet  in  depth. 

The  two  following  are  found  in  the  mud  along  shore: 

Pbltandba  vibginica  (L.)  Kunth.     Green  Arrow-arum. 

Found  in  shallow  water  of  both  lakes,  often  in  the  mud  along 
shore. 

PoNTEDEBiA  COBDATA  L.     Pickerel- Weed. 

Common  in  shallow  water  of  both  lakes,  often  above  water 
line  along  shore.    Both  of  these  plants,  after  fertilization,  bend 
over,  thrusting  the  ovary  into  the  water  or  mud,  where  the  seeds 
ripen. 
On  the  marshes  below  the  level  of  high  water  are  found  the  fol- 
lowing species  and  more  than  60  others,  largely  sedges  and  grasses: 

Dbtoptebib  thelyfteris  (L.)  a  Gray.     Marsh  Shield  Fern. 
Equisetum  fluviatile  L.     Swamp  Horsetail. 

Found  on  Long  Point,  west  of  the  lake. 

Ttpha  latifolia  L.     Broad-leaved  Cat-tail. 

Common  in  the  marshes  along  the  outlet  and  in  the  southeast 
inlet. 

Alibma  plantaoo-aquatioa  L.     Water  Plantain. 

Common  along  the  margins  of  both  lakes. 

Saoittaria  latifolia  Willd.     Broad-leaved  Arrowhead. 

Common. 

DULICHIUM   ARUNDINAOEUM  (L.)  BrittOD. 

Elbocharis  acicularis  (L.)  R  and  S.    Needle  Spike-rush. 

More  common  along  the  east  shore  of  the  Little  Lake. 
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S01BPU8  BMTTHn  A.  Oray. 
A0ORU8  0ALAMU8  L     Sweet  Flag ;  Galamns-root. 
In  the  marsh  just  north  of  the  Little  Lake. 

ALBTBI8  FARINO8A  L.     Star-grass ;  Colic  Boot. 
In  the  marsh  along  the  outlet. 

Iris  yebsicolor  L.    Larger  Blae  Flag. 

In  the  marshes  along  the  outlet  and  the  southeast  inlet. 

Xyris  FLBXUO8A  MuhL    Blender  Yellow-eyed  Grass. 

In  the  marsh  north  of  the  Little  Lake  and  in  swampy  ground 
along  the  railroad  just  south  of  the  main  lake.* 

Habinaria  oiliaris  (L.)  R.  Br.     Yellow  Fringed  Orchis. 

Along  the  outlet. 

Habbnaria  lao£RA  (Michx.)  R.  Br.     Ragged  Orchis. 

Along  the  outlet. 

Otrostachys  oernua  (L.)  Kuntze.    Nodding  Ladies'  Tresses. 

In  marshes  west  of  the  lake. 

Saururus  cerntjus  L.    Lizards'-tail. 

In  woods  along  the  northeast  inlet. 

JuNOua  EFFU8U8  L.    GommoD  Rush ;  Bog  Rush. 
Saux  nigra  Marsh.     Black  Willow. 
Common. 

Salix  discolor  Muhl.    Pussy  Willow. 

Polygonum  sagittatum  L.    Arrow-leaved  Tearthumb. 

Common. 

Betula  pumila  L.     Low  Birch. 

In  swamps  west  of  the  lake. 

Sarracenia  purpurea  L.     Pitcher-plant ;  Side-iaddle  Flower. 
In  swamps  west  of  the  lake. 

Drosera  rotundifolia  L.     Round-leaved  Sun-dew. 
On  the  east  side  of  Little  Lake. 

Decodon  VERTICILLATU8  (L.)  Ell.     Swamp  Loosestrife. 

Abundant  at  the  mouth  of  the  southeast  inlet  and  about  the 
Little  Ivake. 

MiMULUS  RINGBN8  L.     Moukey-flower. 

Common  along  the  edge  of  marshes. 

Lobelia  stphalitioa  L.     Great  Lobelia. 
Common. 
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CusouTA  OEPHALANTHi  £ngeliD.    Button-bash  Dodder. 

Common. 

Cefhalanthus  ocoiDEiiTALiB  L.    ButtoD-buBh ;  Globe-flower. 
Common. 

Ntssa  btlyatioa  Harsh.    Black  or  Sour  Oum. 
Campanula  aparingides  Pursb.    Harsh  Bellflower. 

Common  in  the  marshes. 

PoLTOALA  CEUCIATA  L.     Marsh  Milkwort. 

Along  the  outlet  below  the  Little  Lake. 

Spirjea  tomentoba  L.    Bteeple-bush. 

Common. 

Along  the  beach  between  low  and  high  water  we  fouiid: 

Panioum  crus-oalli  L.    Bam-jard  Grass. 
MuHLBNBEROiA  BTLYATIOA  Torr.    Wood  Muhlenbergla. 
Ctperub  diandbub  Torr.    Low  Gyperus. 
Polygonum  PEimBTLVANiouM  L. 
Impatibnb  biflora  Walt.     Spotted  Toucb-me-not. 
Common  along  the  shores  of  both  the  lakes. 

HippuRiB  VULGARIS  L.    Mares'-tail ;  Joint-weed. 

At  the  head  of  the  outlet. 

Teucrium  oanadense  L.    Wood  Sage. 
Ltgopub  YiRGiNicus  L.    Bugle-woed. 
Mentha  piperita  L.    Peppermint. 
Mentha  spicata  L.     Spearmint 

Common.  • 

Mentha  canadensis  L.     Wild  Mint. 
Xanthium  canadense  Mill.     Hedgehog  Burweed. 
EouPTA  ALBA  (L.)  Hassk.     Eclipta. 

In  low  ground  south  and  west  of  the  lake. 

Bedenb  connata  Muhl.    Swamp  Beggar-ticks. 

Besides  the  above  more  than  fifty  others  were  found  along  the 
beach,  making  in  all  over  two  hundred  plants  in  and  about  Lake 
Maxinkuckee  growing  below  high  water  mark. 
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A  LIST  OF  THE  MOLLUSCA  KNOWN  TO  OCCUR  IN  LAKE 

MAXINKUCKEE. 

Bt  W.  S.  Blatohlit. 

Tlic  writer  has  collected  shells  in  and  around  Lake  Maxinkuckee 
ill  most  every  summer  since  1890.  From  his  collection  and  from  vari- 
iMis  notes  on  the  species  taken,  the  present  list  is  prepared. 

UNIVALVES. 

1.  8ucciNE\  AVABA  Say. 

Common  on  the  stems  and  leaves  of  water  lilies  and  beneath 
rubbish  on  tlic  south  and  west  shores. 

2.  lilM^JE  8T  A  ON  ALTS  LlDD. 

A  fragile  and  beautiful  shell.  Kather  common  among  the 
reeds  and  water  vegetation,  especially  in  the  vicinity  of  muck 
beds.  More  common  in  Lost  I-^ake.  Not  mentioned  by  Call  in 
his  paper  on  Indiana  Mollusca,  but  occurs  in  a  number  of  the 
northern  Indiana  lakes. 

3.  LiMNOPHTSA   BEFLEXA   Say. 

Common  in  both  Lost  and  the  main  lakes,  in  the  same  situa- 
tions as  the  last. 

4.  LiMNOPHYSA  PALUSTBis  Muller. 

Much  less  common  than  reflexa,  a  half  dozen  specimens  only 
having  h^Qn  taken. 

5.  LiMNOPHYSA  DESiDiosA  Say. 

Abundant  on  the  stems  of  water  plants  along  the  shores.  One 
of  tlie  principal  foods  of  snipe,  and  other  shore-frequenting 
birds. 

6.  Physa  gybwa  Say. 

Frequent  on  the  lily  pads  and  in  piles  of  rubbish  along  shore. 

7.  Physa  hetebostropha  Say. 

Abundant  in  and  about  Lost  Lake,  and  in  the  southeast  corner 
of  the  main  lake. 

8.  Planobbella  campanulata  Say. 

Common  in  shallow  water  with  sandy  bottom;  the  prettiest  of 
the  discoidal  group. 

9.  Helisoma  tbivolvis  Say. 

Abu^dant  among  the  reeds  and  rushes  all  about  the  margin. 
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10.  Menetub  exacutus  Say. 

A  minute  and  handsome  species  found  sparingly  on  the  under 
side  of  lily  pads  in  different  parts  of  the  lake. 

11.  ViYIFARA   CONTECTOIDE8  BinDOJ. 

The  most  abundant  univalve  in  the  lake,  unless  it  be  Oonio- 
basis  livescens.  After  a  wind  storm  in  July  and  August,  thou- 
sands of  the  dead  shells  of  this  species  are  washed  up  in  wind- 
rows all  along  the  shore.  The  living  shells  are  often  seen  cling- 
ing to  weeds  in  six  to  10  feet  of  water. 

12.  ViVIPARA  INTBRTEXTA  Say. 

Much  less  common  than  contedoides.  Reaches  only  about  half 
the  size.  The  specimens  taken  were  very  pretty,  being  of  a  uni- 
form, rich  wine  color  and  highly  polished. 

13    Campeloma  8UB80LIDUM  Anthony. 

This  is  the  most  common  of  the  three  species  of  the  genus 
occurring  in  the  lake.  Numerous  living  specimens  were  taken 
in  the  seine  in  water  two  to  five  feet  in  depth,  and  dead  ones  are 
abundant  along  the  shore  after  every  summer  storm. 

14.  Campeloma  decibum  Say. 

Frequently  taken  while  crawling  along  on  the  muddy  or  sandy 
bottom  in  shallow  water. 

15.  Campeloma  rufum  Haldeman. 

A  half  dozen  or  more  specimens  only  were  taken  in  company 
with  the  last  two.  Readily  known  by  the  pinkish  color  of  the 
apex. 

16.  OoNiOBASis  LIVESCENS  Menke. 

Abundant  in  shallow  water  areas,  especially  so  where  the 
bottom  is  sandy. 

BIVALVCS. 

1.  Unio  oibbosus  Barnes. 

Quite  frequent  in  one  to  five-foot  water,  especially  along  the 
west  shore  south  of  Long  Point.  This  species,  as  represented  in 
the  lake,  is  smaller  and  the  shells  thinner  than  in  the  river 
forms  of  southern  Indiana.  The  nacre  of  the  lake  forms  is  a 
deep  purple,  while  in  those  from  the  larger  streams  it  is  usually 
white. 

2.  Unio  phaseolus  Hildreth. 

This  species  is  accredited  to  the  fauna  of  the  lake  on  the 
authority  of  Dr.  R.  E.  Call,  Proc.  Ind.  Acad.  Sci.,  1895,  p.  145. 
It  occurs  rather  commonly  in  the  Wabash  and  White  rivers,  but 
in  the  lakes  was  noted  only  in  Lake  Tippecanoe. 
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3.  Ukio  ibis  Lea. 

One  of  the  most  common  bivalves  of  the  lake.  "The  .species 
is  found  in  all  portions  of  the  State,  and  is  characterized  by  its 
beautiful  nacre,  the  short,  erect  teeth,  and  the  beautiful  bands 
of  green,  together  with  the  foldings  on  the  beaks." — Call. 

4.    UnIO  8UBB08TBATU8  8aj. 

Not  common  in  the  main  lake;  more  so  in  the  muck  and  mud 
along  the  margins  of  Lost  Lake,  where  a  well  marked  variety, 
with  a  larger  and  broader  beak,  was  taken.  A  specimen  of  this 
was  sent,  among  others,  to  Mr.  Chas.  T.  Simpson,  of  the  Smith- 
sonian Institute,  for  verification.  In  his  reply  he  says:  "The 
variety  of  subrostratus  which  you  send  is,  so  far  as  I  know,  con- 
fined to  northern  Indiana.  It  is  quite  remarkable,  and  would 
seem  to  be  almost  a  distinct  species.  I  have  seen  quite  a  number 
of  specimens  of  it,  and  at  first  thought  it  a  variety  of  17.  nasutus 
(which  occurs  in  northern  Ohio,  and  probably  in  northern  Indi- 
ana), but  there  seem  to  be  intermediate  forms  connecting  it 
with  U,  subrostratus.  The  variety  will  be  described  in  a  forth- 
coming monograph  on  the  group." 

6.  Unio  PBE88U8  Lea. 

Several  specimens  were  secured  in  low  water  along  the  south 
shora  It  is  common  in  some  of  the  larger  streams  of  the  State, 
notably  White  river  at  Indianapolis. 

6.  Unio  luteolus  Lam. 

This  is  also  a  very  common  shell  in  the  main  lake;  but  does 
not  reach  as  large  size  there  as  in  some  of  the  lakes  in  north- 
eastern Indiana. 

7.  Unio  ventricosus  Barnes. 

Common,  but  smaller  than  in  the  streams  farther  south. 

8.  Unio  cibculus  Lea. 

Scarce;  several  specimens,  of  a  depauperate  form  only,  having 
been  secured. 

9.  Unio  coccineus  Lea. 

Not  common.  A  few  fine  specimens  were  gotten  along  the 
south  shore  in  1894.  In  the  streams  of  northern  Indiana,  espe- 
cially in  the  Kankakee  and  Yellow  rivers,  it  is  abundant. 

10   Unio  bubiginosus  Lea. 

Common  along  the  west  and  south  shores  on  gravelly  bottom. 
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11.  Unio  parvus  Baroes. 

Not  80  common  as  the  next  which  it  closely  resembles.  Dr. 
Call  has,  however,  given  a  table  which  enables  one  to  readily 
separate  the  two,  on  page  517  of  his  paper  on  the  MoUusca  of 
Indiana. 

12.  Unio  olans  Lea. 

Quite  common  in  the  shallow  water  along  the  west  and  south 
shores.  The  smallest  member  of  the  family  taken  in  the  lake; 
the  average  size  being  about  1.2  x.7  inches. 

13.  Maroaritana  deltoidea  Lea. 

This  is  also  a  small  form,  averaging  about  1.5  x.8  inches.  It  is 
quite  common  in  Lost  Lake  and  along  the  south  shore  of  the 
main  lake. 

14.  Maroaritana  maroinata  Say. 

Quite  common,  especially  on  mtlddy  or  mucky  bottom  in  three 
to  five-foot  water. 

15.  Anodonta  imbecillts  Say. 

This  very  fragile  and  brilliantly  colored  form  is  frequent  in 
both  lakes;  being  found  in  the  bays  whose  bottoms  are  of  muck 
or  mud;  also  in  the  outlet. 

16.  Anodonta  edentula  Say. 

A  common  form  on  the  sandy  and  gravelly  bottom  along  the 
west  and  south  shores. 

17.  Anodonta  subotlindraoea  Lea. 

This  is  a  handsome  species  of  medium  size;  cylindrical  in  form, 
greenish  in  color,  and  with  recurved  and  neatly  folded  beaks.  It 
is  quite  common  in  the  vicinity  of  muck  beds  and  in  the  outlet. 
A,  ferussaciana  Lea  is  a  synonym. 

18.  Anodonta  pootiana  Lea. 

This  is  the  largest  and  the  most  common  Anodonta  found  in 
the  lake.  The  average  measurements  are  about  4x2  inches. 
Mature  specimens  are  usually  much  eroded  and  the  shells  arc 
reddish  in  color  from  the  iron  o^idc  in  the  mud  which  they 
inhabit. 
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THB  FISHES  OF  LAKB  MAXINKUOKBB. 

Bt  W.  8.  Blatohlit. 

Forty-five  species  of  fishes  are  known  to  the  writer  to  occur  in  Lake 
Maxinkuckee,  or  in  the  inlets  and  outlet  of  the  lake.  The  following 
is  a  list  of  these,  with  brief  notes  on  their  comparative  abundance, 
local  habitat,  etc.  The  nomenclature  is  that  of  Jordan  &  Ever- 
mann*s  "Fishes  of  North  and  Middle  America:" 

1.  Lepib08TEU8   08SEU8  (Linn.).      LoDg-noaed  Oar;    Common   Ghr- 

pike. 

Common  in  the  lake,  where  it  reaches  a  length  of  four  feet. 
It  and  its  congenor,  the  short-nosed  gar,  are  rapacious  pirates, 
ever  preying  upon  the  young  and  weaker  members  of  the  higher 
orders  of  fishes. 

2.  LEPI808TEU8  PLAT08T0MUB  Raf.     Sboft-nosed  G«r. 

Much  less  common  in  Lake  Maxinkuckee  than  the  preceding, 
but  in  Bass  Lake,  12  miles  west,  it  is  abundant,  and  the  only  one 
there  known. 

3.  Amta  calva  Liun.     Mudfish;  Dogfish. 

Common;  especially  so  in  Lost  Lake.  Reaches  a  weight  of  10 
pounds  or  more.  Its  food  is  also  made  up  largely  of  other  fishes, 
and,  therefore,  it  and  the  gar  pikes  should  be  destroyed  at  every 
opportunity. 

4.  Amieurus  NATALI8  (Le  8.).     Yellow  Cat 

Not  as  common  as  the  next,  except  in  Ijost  Lake.  The  largest 
catfish  of  these  lakes,  often  reaching  a  weight  of  two  pounds. 

5.  Amieurus  nebulosus  (Le  8.).     Common  Bullhead. 

Taken  only  in  Lost  Lake,  where  it  is  not  common;  but  prob- 
ably occurs  also  in  the  large  lake. 

6.  Amieurus  melas  (Raf).     Black  Bullhead. 

Frequent  in  Lake  Maxinkuckee  in  the  deeper  waters  off  the 
mouths  of  the  inlets. 

7.  SoHiLBKODES  GYRINU8  (Mitch.).     Slender  Mud  Tom. 

Scarce  in  the  lake.  More  frequent  in  the  northeast  inlet. 
This  is  one  of  the  small  "stone  catfishes/'  which  have  a  poison 
gland  near  the  base  of  the  pectoral  fin.  When  handled  they  use 
the  spine  of  this  fin  in  defense,  and  a  wound  from  it  is  more 
painful  than  that  of  the  sting  of  a  bumble-bee. 
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8.  G  ATOSTOMUs  NIORI0AN8  Le  6.     Hog  Sucker ;  Stone  Boiler. 

Scarce  in  the  lake,  but  occurring  in  small  numbers  in  the 
larger  inlets.  A  curious  spindle-form  species;  usually  found 
hugging  the  bottom  in  clear,  rippling  water.  Known  to  every 
boy  who  has  ever  wielded  a  snare,  but  seldom  caught  with  a 
hook. 

9.  Erimtzon   suoetta  oblonous   (Mitch.).     Chub    Sucker;   Sweet 

Sucker. 

Frequent  in  the  mouths  of  the  inlets  and  in  mucky  places 
along  shore. 

10.  Gampostoma  avomalum  (Raf.).     Stoue roller;  Stone-lugger. 

Common  in  the  inlets,  especially  in  Aubeenaubee  Creek.  The 
members  of  this  genus  are  readily  known  from  all  other  min- 
nows by  their  having  the  air  bladder  surrounded  by  many  con- 
volutions of  the  long  intestine.  In  the  spring  the  males  have 
the  head  and  often  the  whole  body  covered  with  large  rounded 
tubercles. 

11.  PiMEPH4LEB  NOTATUB  (Raf ).     BliiDt-nosed  Minnow. 

Very  common  in  both  lakes  and  inlets.  One  of  the  best  min- 
nows for  bass  fishing. 

12.  Semotilus  ATROMACULATUfl  (Mltch.).    Homed  Dace ;  Greek  Ghub. 

Soarcc  in  the  lake;  abundant  in  the  inlets.  The  largest  of  our 
Indiana  minnows,  and  excellent  bass  bait. 

13    NoTRopfs  HETERODON  (Gope).     VaHable-toothed  Minuow 
In  the  lake  only;  not  common. 

14.  NoTROPis  WHIPPLII  (Girard)      Silver  fin. 

Next  to  Pimephales  notaivs,  the  most  common  minnow  in  the 
lake.  The  males,  in  the  spring,  have  the  fins  and  belly  covered 
with  a  clear  satin-white  pigment,  whence  the  common  name. 
The  head  is  then  armed  with  numerous  small  tubercles. 

15.  NoTEOPis  CORNUTU8  (Mitch.)      Silver  side;  Shiner;  Rot-gut. 

The  most  common  minnow  in  the  inlets;  much  less  common  in 
the  lake.  The  males  are  more  brightly  colored  and  have  the 
lower  jaw  and  top  of  the  head  armed  in  the  breeding  season. 

16.  RaiNicnrHYS  atronasus  (Mitch.).     Black-nosed  Dace. 

Onlv  in  the  inlets  where  it  is  scarce.  One  of  the  most  hand- 
some  of  our  smaller  minnows. 

17.  Hybopsis  KENTUCKiENsrs  (Raf.).     Horny-head  ;  River  Chub. 

Oeciirs  in  the  lake  onlv  near  the  mouth  of  the  inlets,  where 
it  is  scarce.  In  the  deeper  pools  toward  the  sources  of  the  inlets 
it  is  more  frequent.    An  excellent  bait  for  the  larger  game  fishes. 
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18.  Umbra  loo  (Kirt.).     Hud  Minnow. 

Scarce  in  the  lake^  where  it  is  found  only  near  the  mouths  of 
the  inlets  or  at  the  bottom  of  water  14  to  25  feet  deep,  from 
which  it  was  occasionally  dredged  by  Dr.  Scovell,  being  found 
entangled  in  the  plant  Nitella  flexilis  brought  up  from  those 
depths.  More  common  in  the  inlets,  especially  in  Aubeenaubee 
Creek.  "A  locality  which,  with  the  water  perfectly  clear,  will 
appear  destitute  of  fish  will  perhaps  yield  a  number  of  mudfish 
on  stirring  up  the  mud  at  the  bottom  and  drawing  a  seine 
through  it."— (Baird.) 

19.  Lucius  vermiculatub  (Le  S.).    Little  Pickerel. 

Frequent  in  the  lake;  more  so  in  Lost  Lake.  Found  about 
the  weedy  margins  in  shallow  water. 

20.  Lucius  lucius  (Linn.).     Common  Pike ;  Pickerel. 

Formerly  quite  common  in  the  lake,  but  now  scarce,  but  one 
or  two  being  taken  each  season.  Frequents  for  the  most  part  the 
bayous,  mouths  of  inlets  and  patches  of  weeds  in  eight  to  16- 
foot  water. 

21.  FuNDULUS  DIAPHA.BU8  MENONA  (Jor.  and  Cope).     Common  EiUi- 

fish. 
Abundant  in  the  shallow  water  near  shore. 

22.  FuNDULUS  DisPAR  (Agassiz).     Top  Minnow. 

Less  common  than  the  preceding;  smaller  and  more  prettily 
colored. 

23.  EucALTA  INCONSTAN8  (Kirt.).     Brook  Stickleback. 

This  handsome  and  interesting  little  fish  has  been  taken  in 
Indiana  only  in  streams  in  Wabash  and  Decatur  counties,  and  in 
Lake  Maxinkuekee.  In  the  lake  it  is  quite  common  among  the 
masses  of  Nitella  flexilis  at  the  bottom  of  15  to  24-foot  water. 
In  dredging  Dr.  Scovell  often  found  four  or  five  entangled  in  the 
masses  of  Nitella  which  were  brought  to  the  surface. 

24.  Labidesthes  sicculus  (Cope).     Brook  Bilverside ;  Skipjack. 

Abundant.  Frequents  for  the  most  part,  shoal  water,  though 
it  often  occurs  in  schools,  swimming  close  to  the  surface  of  the 
deep  water.  Into  these  schools  the  bass  and  other  game  fish  dart 
and  create  sad  havoc.  The  prolonged  beak-like  jaws  and  the 
slender  translucent  body  render  it  easily  noticeable  and  dis- 
tinguishable from  all  other  fresh  water  fishes. 

25.  PoMOXTS  ANNULARIS  Raf.     Crappie ;  Bachelor. 

This  species  is  inserted  on  the  authority  of  Dr.  Scovell.  It  is 
much  less  common  than  the  next,  which  it  closely  resembles. 
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26.  PoMOXiB  8PABOn>B8  (Lac^pMe).    Calico  Bass ;  Grass  Bass. 

Frequent  about  the  weeds  in  10  to  18-foot  water,  but  much 
less  common  than  in  Bass  Lake.  Often  confounded  with  the 
preceding  species,  the  name  "croppie"  or  "crappie*'  being  given 
indiscriminately  to  both.  This  species  and  the  blue-gill, 
Lepomis  palliduSy  are,  more  often  than  any  of  the  other  game 
fishes,  thrown  by  the  waves  in  a  dying  condition  on  the  shore, 
especially  in  July  and  August.  They  then  appear  to  be  attacked 
by  some  sort  of  a  fimgus  growth. 

27.  Ambloflites  bupestris  (Raf.).     Redeye;  Goggle  eye. 

Common  in  the  lake  in  water  from  eight  to  30  feet  in  depth. 
Frequents  the  vicinity  of  the  weed  covered  slopes  on  the  bottom. 
An  excellent  pan  fish,  easily  hooked  but  not  very  gamy.  Speci- 
mens weighing  a  pound  and  a  quarter  have  been  taken. 

28.  Ghjenobrtttub  oulobus  (Cuy.   and  Val.).     War-mouth;  Indian 

Pish. 
Found  sparingly  in  the  lake  in  water  from  10  to  40  feet  in 
depth;  more  common  in  the  outlet  and  in  Lost  Lake.    Reaches  a 
weight  of  three-quarters  of  a  pound,  and  is  a  fine  food  fish. 

29.  Afomotib  ctanellus  (Raf.).     Blue-spotted  Bunfish;  Green  Sun- 

fish. 
Inserted  on  the  authority  of  Drs.  Evermann  and  Jenkins,  who 
note  it  as  "very  common^'  in  their  'Tiist  of  the  Fishes  of  Lake 
Maxinkuckee."* 

80.  Lkfomis  MBQALOTis  (Raf.).    Long-eared  Sunfish. 

Common  in  water  from  two  to  10  or  more  feet  in  depth;  nest- 
ing, as  do  several  other  of  the  smaller  species  of  sunfish,  among 
the  rushes  on  the  sandy  bottom.  This  is  one  of  the  most  bril- 
liantly colored  of  our  fresh  water  fishes.  They  are  the  lords 
and  ladies  of  the  respective  pools  wherein  they  abide.  When 
they  move  other  smaller  fry  clear  the  way.  If  a  worm  or  a  gnat, 
falling  upon  the  surface,  tempts  them,  it  is  theirs.  A  leaf  falls 
near  them  and  is  seemingly  unnoticed — a  fly,  arid  how  quickly 
their  dormant  energy  is  put  into  motion.  With  a  dart  and  a 
gulp  the  insect  is  swallowed  and  a  new  stage  of  waiting  expec- 
tancy is  ushered  in. 

31.  LsFOMiB  PALLiDUS  (Mitch.).     Blue-gill ;  Blue  Suufish. 

Rather  common  in  the  lake  in  waters  from  eight  to  40  feet. 
Probably  the  most  gamy  of  all  the  sunfishes  and  a  most  valuable 
food  fish.  Specimens  11  inches  in  length  to  the  base  of  the 
caudal  fin  have  been  recorded  from  the  lake. 


*  Proo.  U.  8.  Nat.  Mm.,  1888,  p.  54. 
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32.  EupOMOTis  EURTORU8  (McEaj).     Broad-eared  Sunfigh. 

Scarce.  A  few  specimens  have  been  taken  in  15  to  40-foot 
water.    A  handsome  species  reaching  a  length  of  eight  inches. 

33.  EupoMOTis  GiBBOSUS  (Linn.).      Common  Sunfisb;  Pumpkinseed. 

Common  in  the  shallow  waters  of  the  lake  and  in  pools  in  the 
inlets.  One  of  the  smaller  sunfishes;  ranking  with  L.  cyanellus 
in  size,  and  approaching  L.  megalotis  in  the  brilliancy  of  its 
colors. 

34.  MiCBOPrERUS  dolomieu  Lao^p^e.    Small-moathed  Black  Baas. 

Probably  less  common  than  the  next  species,  but  in  every 
sense  as  gamy.  Occurs  at  all  depths,  but  is  more  common  about 
the  weed  covered  slopes  in  10  to  25-foot  water.  Reaches  a 
weight  of  nearly  five  pounds. 

35.  MiCROPTEBUS  SALMOiDES  (Lac^p^e).    Large-mouthed  Black  Ban. 

This  is. the  larger  of  the  two  black  bass,  and  the  one  most 
sought  by  fishermen.  Specimens  weighing  from  four  to  six 
pounds  are  frequent  and,  according  to  Mr.  A.  J.  Knapp,  pro- 
prietor of  the  Arlington  Hotel,  one  weighing  eight  pounds  and 
11  ounces  was  taken  in  the  lake  a  few  years  ago.  Mr.  Knapp 
himself  has  taken  three  which  weighed  over  seven  and  a  half 
pounds  each,  and  one  that  weighed  eight  pounds  three  ounces. 

36.  Stizostedion  vrrBEUM  (Mitch.).     Wall-eyed  Pike;  Jack  Salmon. 

Frequent  in  the  deep  waters  only.  Large  specimens  are 
caught  from  September  15th  to  November  Ist  in  60  to  80-foot 
water.  At  night  they  go  near  the  shores  to  feed  and  are  then 
sometimes  taken  by  trolling.  Specimens  10  inches  long  have 
also  been  taken  by  seining  at  night.  Two  taken  October  28, 
1900,  by  Mrs.  Knapp,  weighed  together  eight  pounds  nine 
ounces. 

37.  Pebca  FLA vescens  (Mitch.).     Yellow  Perch;  Ringed  Perch. 

Common  in  all  water  under  30  feet.  This  species,  the  blue- 
gill  and  goggle-eye,  are  the  fish  most  commonly  caught  by  still 
fishing  from  boats.  The  perch  in  Lake  Maxinkuckee  are  mostly 
of  small  size,  seldom  exceeding  three-quarters  of  a  pound  in 
weight. 

38.  Pebcina  capbodes  zebba  (Agassiz).    Log  Perch ;  Manitou  Darter. 

The  largest  and  most  common  of  the  darters  taken  in  the  lake. 
Reaches  a  length  of  six  inches. 
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39.  Hadboptbbus    MAXiNKUCKiENSis    EveriD.       The    Mazinkuckee 

Darter. 

Described  from  a  single  specimen  taken  in  Aubeenaubee 
Creek,  a  half  mile  east  of  the  lake  in  1899.  No  others  known. 
Length  3.5  inches.  Closely  related  to  and  probably  a  variety  of 
//.  scieurus  (Swain),  the  latter  occurring  in  numbers  in  Yellow 
lliver,  11  miles  north,  and  in  Tippecanoe  River,  at  De  Long, 
five  miles  south. 

40.  BoLEOSOMA  NIGRUM  (Raf.).     JohoDj  Darter. 

Next  to  P.  caprodes,  the  most  common  darter  in  the  lake; 
found  everywhere  along  the  sandy  shores  in  one  to  15-foot 
water.  "In  the  spring  the  males  have  the  head  jet-black,  and 
this  dark  color  often  extends  on  the  back  part  of  the  body  so 
that  the  fish  looks  as  if  he  had  been  taken  by  the  tail  and 
dipped  into  a  bottle  of  ink.  But  with  the  end  of  the  nuptial 
season  this  color  disappears  and  the  fish  regains  his  normal 
strawy  hue." — (Jordan.) 

4L  Etheostoma  lOWiE  Jor.  and  Meek.     Iowa  Darter. 

Common  along  the  shores  in  company  with  the  preceding 
species. 

42.  Etheostoma  aubeenaubei  EverroanD.     Aubeeoaubee  Darter. 

Quite  frequent  in  Aubeenaubee  Creek,  where  the  species,  up 
to  the  present,  has  only  been  found.  Evidently  derived  from 
and  closely  related  to  Etheostoma  iowce;  more  brightly  colored 
than  that  species.    Reaches  a  length  of  only  two  inches. 

43.  Etheobtoma  cceritleum  Storer.     Blue  Darter;  Rainbow  Darter; 

Soldier  Fish. 

Common,  especially  in  the  inlets.  Reaches  a  length  of  two 
and  a  half  inches.  In  the  spring  the  male  is  the  most  gorgeously 
arrayed  of  all  the  darters.  Then  the  blackish  bars  of  other 
seasons  are  changed  to  indigo  blue,  while  the  space  between 
them  assumes  a  hue  of  the  brightest  orange.  The  fins  are 
broadly  edged  with  blue  and  have  the  bases  orange,  or  orange 
and  scarlet,  while  the  cheeks  assume  the  hlue  and  the  breast 
becomes  an  orange.  Clad  in  this  suit  he  ventures  forth  on  his 
mission  of  love,  and  if  successful,  as  he  almost  always  is,  the 
two  construct  a  nest  of  tiny  stones  in  which  the  eggs  of  the 
mother  fish  are  laid  and  watched  over  with  jealous  care  by  both 
|)arenis  until  in  time  there  issue  forth  sons  destined  some  day 
to  wear  a  coat  of  many  colors,  and  "darters"  to  be  attracted  by 
those  coats,  as  was  their  mother  by  the  one  their  father  wore. 

17-Oeol. 
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44.  BouoHTHTS  FU8IFORMI8  (Girard).     Spindle-shaped  Darter. 

Scarce.  Found  along  the  sandy  shores  of  the  lake  in  com- 
pany with  the  johnny,  iowae  and  rainbow  darters. 

45.  MiCROPERCA  PUNCiULATA  PutDaiD.     Least  Darter. 

Rather  common  in  the  outlet  and  in  Lost  Lake;  much  less 
common  in  Lake  Maxinkuckee.  Frequents  shallow  water  along 
sandy  and  weedy  shores.  The  smallest  of  our  Indiana  darters; 
the  length  when  full  grown  being  but  one  and  one-half  inches. 

NOTES  ON  THE  TURTLES  AND  BATRACHIANS  OF  LAKE 

MAXINKUCKEE. 

By  W.  S.  Blatchlry. 

TURTLES. 

The  following  species  of  turtles  have  been  noted  in  and  about  the 
lake,  either  by  Dr.  Scovell,  Prof.  0.  P.  Hay  or  the  writer: 

AspiDONECTES  SiiMFER  (Le  8.).     CommoD  Soft-shelkd  Turtle. 

Common;  strictly  aquatic;  seldom  seen  basking  in  the  sun 
as  do  many  of  the  hard-shelled  forms.  Feeds  on  small  fish, 
shrimps,  tadpoles,  etc. 

Chelydra  SERPENTINA  (L.).     CommoD  Snapping  Turtle. 

Common;  the  largest  turtle  in  the  lake.  Lives  for  the  most 
part  in  the  muck  and  mud  along  the  margins.  Feeds  upon  frogs, 
fish,  crayfish,  the  young  of  the  water  fowl,  etc. 

Aromochelyb  odouatus  LatreilJe.     Musk  Turtle ;  Stink-pot. 

Frequent;  reaches  a  length  of  five  or  six  inches,  though  most 
specimens  seen  were  smaller.  Occurs  in  all  parts  of  the  lake,  but 
more  especially  among  the  reeds  and  rushes  near  shore. 

MALACLVMMYd  OEOORAPHICU8  (Le  S  ).     Map  Turtle 

Common;  reaches  a  length  of  10  to  12  inches.  Often  noted 
basking  on  roots,  logs,  etc.  Several  of  the  largest  ones  which 
have  come  to  my  notice  were  on  a  narrow  ledge  or  platform  of 
the  boat-house  at  Culver  Park  on  July  5,  1900.  After  crawling 
up  from  the  water  they  spread  out  their  broadly  webbed  feet  in 
the  sun  and  at  intervals  raised  their  heads  and  gaped  widely. 
They  were  in  company  with  a  number  of  lady  turtles  of  smaller 
size,  and  occasionally  a  large  map  turtle  would  crowd  against  one 
of  its  smaller  neighbors  and  push  it  off  its  perch  into  the  water. 
Prof.  Hay  says  of  this  species:  "At  Lake  Maxinkuckee  three 
persons  caught  about  30  specimens  of  this  species  in  a  few  hours. 
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Without  probably  an  exception  they  were  found  near  the  shores, 
where  there  were  great  numbers  of  water-breathing  univalves. 
After  a  number  had  been  kept  for  a  few  days  in  a  tub  there 
were  found  in  it  large  numbers  of  the  opereles  of  such  mollusks; 
and  in  the  intestines  of  one  were  the  remains  of  a  crayfish,  some 
fish  scales,  and  what  appeared  to  be  the  cases  of  some  kind,  of 
caddis  worm.  Its  broad  masticatory  surfaces  are  well  fitted  for 
crushing  the  shells  of  mollusks.'^* 

Ghrysemts  maroinata  (Agas.).     Lady  Turtle. 

Very  common;  especially  in  shallow  water  among  rushes  and 
water  lilies.  Eeaches  a  length  of  seven  inches.  Feeds  upon 
small  mollusks,  shrimps,  tadpoles,  etc. 

CLEMifTB  OUTTATUB  (Schneider).     Speckled  Tortoise. 

Scarce  in  the  lake;  frequent,  especially  in  the  spring,  in  the 
streams  and  ditches  leading  to  it.  Two  specimens  were  picked 
up  one  morning  at  Lake  Maxinkuckee  in  May,  1891,  by  members 
of  the  Indiana  Academy  of  Science.  One  of  our  smallest  and 
prettiest  turtles. 

Emts  mbleaqrib  (Shaw).     Blanding's  Tortoise. 

Scarce;  more  often  seen  in  spring  during  the  mating  season. 
Dr.  Hay  saw  one  on  the  lake  margin  in  May.  Frequent  at  Bass 
Lake,  12  miles  west. 

CiBTUDO  CAROLINA  (L.).     Common  Box  Turtle. 

One  or  more,  taken  on  different  occasions  in  the  strip  of  woods 
between  the  main  lake  and  Lost  Ijake.  A  strictly  terrestrial 
species. 


BATRACHIAN8. 


The  following  species  of  Batrachians  have  been  taken  in  the  lake 
or  close  to  iU  margin: 

Nbcturub  maculatub  Raf.     Mud  Puppy ;  Water  Dog. 

A  single  specimen  was  found  by  the  writer  beneath  a  chunk 
in  shallow  water,  south  of  the  Arlington  Hotel,  in  August,  1896. 
Said  by  both  Tlay  and  Scovell  to  be  quite  common.  Is  perfectly 
harmless,  though  almost  universally  believed  to  be  very  venom- 
ous. 


*S«Tent«6nth  Aan.  Rep.  Ind.  Geol.  and  Nat.  Hiit.  Snnr.,  1801,  p.  576. 


260  BEPOBT  OF  STATE  GEOLOGIST. 

Amblybtoma  tigbinum  (Green).    Tifrer  SalaroaDder. 

Dr.  Hay  records  the  taking  of  this  species  in  the  vicinity  of 
Jiakc  Maxinkuckee.  It  is  our  largest  salamander  and  is  quite 
common  in  many  parts  of  the  State. 

Amblystoma  jBFFEBeoMiANUM  LATEBALE  Hallowell.     JefTerson's  Sala- 
mander. 

According  to  Dr.  Hay*  this  variety  of  Jefferson's  salamander 
was  taken  by  him  near  the  margin  of  the  lake. 

Ghokdbotus  micbosiomus  Cope.     Smallmmithed  Salamander. 

Several  were  taken  from  beneath  chunks  close  to  the  water's 
edge  in  the  woods  east  of  Lost  Lake,  in  May,  1899. 

Pletuodon  EBYTBBONOTU8  (Green).     Ked-backed  Salamander. 

Found  on  a  niiiiibcr  of  occasions  beneath  Tubbish  in  the  woods 
bordering  the  south  shore  of  the  main  lake. 

Plbthodon  01.UTIN0BU8  (Green).     Slimy  Salamander. 

Three  half-grown  beneath  oak  chunks  some  distance  from 
water,  at  the  southwest  side  of  Lost  Iiake.  All  these  sala- 
manders doubtless  visit  the  water  of  the  lakes  during  the  breed- 
ing season. 

D1EMYCTYLU8  viBiDESCENS  Raf.     Newt ;  Green  Triton. 

This  species  was  taken  by  Dr.  Hay  in  the  lake,  according  to 
his  statement  in  the  report  already  cited.  It  exists  in  two  or 
three  forms,  the  one  called  viridescens  being  always  found  in 
water.  It  is  among  the  most  beautiful  of  our  native  sala- 
manders. 

BuFO  LENTIQINO8U8  AMERiCANUS  Anthony.     American  Toad. 

Common  along  the  sandy  shores  of  the  lake  from  May  to 
October. 

AcBis  GBYLLU8  CREPITANS  Le  Conte.     Cricket  Frog. 

Very  common  in  the  short  grasses  and  rushes  along  the  shal- 
low Walter  margins. 

Crobophtlus  TRI8EBIATU8  (Weid.).     Swamp  Tree  Frog. 

Two  specimens  were  taken  from  the  leaves  of  button  bush  in 
a  marshy  tract  in  the  woods  on  the  south  shore  in  July,  1900. 

Hyla  VER8icoi/)B  Le  Conte.     Common  Tree  Frog. 

Common  in  the  trees  and  bushes  about  both  lakes. 


*Loo.  oit.,  p.  431. 
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Htla  piokbrivou  Holb. 

Two  or  three  specimens  of  this  pretty  little  tree  frog  have 
been  taken  on  the  stems  of  taU  marsh  grasses  near  the  south- 
eastern corner  of  the  lake. 

Rana  virescens  Kalm.     Leopard  Frog. 

Everywhere  along  the  marshy  and  grassy  margins. 

Rana  palustris  Le  Conte.     Swamp  Frog. 

In  the  State  Normal  School  collection  are  two  specimens  that 
were  taken  at  Lake  Maxinkuckee. 

Rana  clamata  Daudin.     Green  Frog. 

Much  more  common  than  the  above;  occurs  most  frequently  in 
the  inlets  and  about  the  springs  and  runs  from  flowing  wells. 

Rana  catesbiana  Shaw.     Bull  Frog. 

Frequent;  especially  so  in  Lost  Lake  and  in  the  mouth  of  the 
southeast  inlet. 

Marl. — As  noted  above,  Lake  Maxinkuckee  seems  to  occupy  a 
cluster  of  kettle  holes,  one  long  and  deep  surrounded  by  several 
lesser  ones.  The  original  bed  of  the  lake  appears  to  have  been  com- 
posed of  sand  and  gravel  with  perhaps  some  boulder  clay.  Over  the 
greater  part  of  this  original  bed  thick  beds  of  mud  and  marl  have 
boon  deposited.  In  general,  on  the  north,  west  and  south,  out  to  a 
depth  of  five  or  six  feet,  the  present  bed  of  the  lake  is  of  hard  sand 
or  gravel.  On  the  east  the  hard  bottom  extends  out  to  a  depth  of 
seven  or  eight  feet  and  in  some  places  there  is  hard  bottom  even  un- 
der water  10  or  12  feet  deep.  Near  the  head  of  the  outlet  and  about 
the  mouth  of  the  southeast  inlet  there  is  some  black  mud  and  muck 
in  the  shallow  water.  On  the  north,  west  and  south  sides  of  the  lake 
marl  begins  at  a  depth  of  six  or  seven  feet,  and  everywhere,  under 
water  up  to  10  feet  in  depth,  we  found  from  eight  to  15  feet  of  marl. 
On  the  east  the  marl  begins  a  little  farther  out,  generally  in  eight 
or  10  feet  of  water,  and  the  marl  was  abundant  in  12-foot  water. 
Almost  everywhere  along  the  bars  or  along  the  shore,  except  on  the 
east,  there  is  an  abundance  of  marl  at  the  10-foot  water  line;  the 
thickness  of  the  bed  at  this  line  averaging  more  than  eight  feet. 
Investigations  in  more  than  200  different  localities,  under  water  from 
eight  to  25  feet  deep,  disclosed  beds  of  marl.  Sometimes  the  marl 
was  oovered  by  a  thin  layer  of  black  mud,  but  in  general  marl  alone 
makes  the  bed  of  the  lake. 
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The  marl  in  diflferent  parts  of  the  lake  seems  to  differ  in  color 
and  consistency,  but  whether  such  variations  mean  any  important 
difference  only  chemical  analysis  or  practical  tests  can  show.  An 
analysis  of  a  sample  from  a  bar  east  of  the  Long  Point  bar,  just  south 
of  the  center  of  the  northeast  quarter  of  section  28,  made  by  Dr. 
W.  A.  Noyes,  is  as  follows: 

Calcium  carbonate  (CaCOg) 85.02 

Magnesium  carbonate  (MgCOg) 3.85 

Ferric  oxide  (Fe,Og) 0.33 

Alumina  (AlaO,). 0.12 

Calcium  sulphate  (CaSoJ 0.17 

Insoluble  Inorganic  matter  (silica,  etc.) 5.67 

Organic   matter 3.21 

Total  98.37 

This  sample  was  taken  five  feet  below  the  surface  of  the  marl 
under  about  eight  feet  of  water.  A  second  sample,  taken  from  the 
shore  bar  just  east  of  the  ice  houses,  had  the  following  composition: 

Calcium  carbonate  (CaCOg) 85.38 

Magnesium  carbonate  (MgCog) 3.50 

Ferric  oxide  (Fe,Og) 33 

Alumina    (A1,0.) 05 

Calcium  sulphate  (CaSoJ 17 

Insoluble  inorganic  matter  (silica,  etc.) 6.40 

Organic   matter 3.15 

Total  98.98 

It  will  be  seen  that  the  composition  of  this  sample  is  very  similar 
to  that  of  the  first  one  and  either  analysis  may  be  taken  as  about  the 
average  of  the  better  marl  beds  of  the  lake. 

An  analysis  of  a  third  sample  from  the  surface  of  a  marl  bed  in 
deeper  water  in  front  of  the  gravel  pit  resulted  as  follows: 

Calcium  carbonate  (CaCOg) 75.07 

Magnesium  carbonate  (MgCOs) 4.18 

Ferric  oxide  (Fe,0.) 51 

Alumina    (A1,0.) 09 

Calcium  sulphate  (CaSoJ 11 

Insoluble  Inorganic  matter  (silica,  etc.) 15.26 

Organic   matter 3.65 

Total   98.87 

This  shows  too  high  a  percentage  of  magnesium  carbonate  and  in- 
soluble matter,  for  cement  making.  These  impurities  are  probably 
much  less  in  the  marl  at  a  greater  depth  from  the  surface  of  the  bed. 
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Opposite  the  gravel  pit,  about  80  rods  northwest  of  the  center  of 
section  28,  we  found  marl  more  than  18  feet  thick  under  water  five 
feet  deep.  This  was  the  only  locality  in  which  a  thick  body  of  marl 
occurs  under  shallow  water.  Wherever  the  bottom  of  the  marl  was 
reached,  it  was  found  to  be  resting  upon  a  bed  of  sand  and  gravel. 
Under  water  deeper  than  20  to  25  feet  the  marl  is  quite  dark.  It 
seems  to  be  composed  largely  of  calcium  carbonate,  mingled  with 
more  or  less  decaying  vegetable  matter.  The  samples  from  these 
greater  depths  were,  however,  secured  with  a  dredge  and  were  from 
the  top  of  the  deposit.  There  is  little  doubt  but  that  the  deeper 
marl  would  be  of  greater  purity.  Everywhere  in  the  lake  under 
water  from  eight  to  16  feet  deep  the  marl  is  almost  white  in  color. 

To  be  more  specific  as  to  locations  we  will  say  that  beds  of  marl 
more  than  eight  feet  in  thickness  cover  the  greater  portion  of  each 
of  the  following  tracts  of  land,  to  wit: 

The  southeast  quarter  of  the  southwest  qurfrter  of  section  15. 
The  southeast  quarter  of  the  southwest  quarter  of  section  16. 
The  southwest  quarter  of  the  southeast  quarter  of  section  IH. 
The  southeast  quarter  of  the  southeast  quarter  of  section  16. 
The  northeast  quarter  of  the  northwest  quarter  of  section  21. 
The  southeast  quarter  of  the  northwest  quarter  of  section  21. 
The  southwest  quarter  of  the  northeast  quarter  of  section  21. 
The  southeast  quarter  of  the  northeast  quarter  of  section  21. 
The  northeast  quarter  of  the  northeast  quarter  of  section  21. 
The  northwest  quarter  of  the  northeast  quarter  of  section  21. 
The  northeast  quarter  of  the  southwest  quarter  of  section  21. 
The  northwest  quarter  of  the  southeast  quarter  of  section  21. 
The  southwest  quarter  of  the  southeast  quarter  of  section  21. 
The  northeast  quarter  of  the  northwest  quarter  of  section  22. 
The  southwest  quarter  of  the  northeast  quarter  of  section  22. 
The  northwest  quarter  of  the  southeast  quarter  of  section  22. 
The  southwest  quarter  of  the  southeast  quarter  of  section  22. 
The  southeast  quarter  of  the  southwest  quarter  of  section  22. 
The  northwest  quarter  of  the  northeast  quarter  of  section  27. 
The  northeast  quarter  of  the  northwest  quarter  of  section  27. 
The  southeast  quarter  of  the  nortliwest  quarter  of  section  27. 
The  northeast  quarter  of  the  southwest  quarter  of  section  27. 
The  southeast  quarter  of  the  southwest  quarter  of  section  27. 
The  southwest  quarter  of  the  southwest  quarter  of  section  27. 
The  northeast  quarter  of  the  northwest  quarter  of  section  28. 
The  southeast  quarter  of  the  northwest  quarter  of  section  28. 
The  northwest  quarter  of  the  northeast  quarter  of  section  28. 
The  northeast  quarter  of  the  nortlieast  quarter  of  section  28. 
The  southwest  quarter  of  the  northeast  quarter  of  section  28. 
The  southeast  quarter  of  the  northeast  quarter  of  section  28. 
The  northwest  quarter  of  the  southeast  quarter  of  section  28. 
The  northeast  quarter  of  the  southeast  quarter  of  section  28. 
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The  marl  in  different  parts  of  the  lake  seems  to  differ  in  color 
and  consistency,  but  whether  such  variations  mean  any  important 
difference  only  chemical  analysis  or  practical  tests  can  show.  An 
analysis  of  a  sample  from  a  bar  east  of  the  Long  Point  bar,  just  south 
of  the  center  of  the  northeast  quarter  of  section  28,  made  by  Dr. 
W.  A.  Noyes,  is  as  follows: 

Calcium  carbonate  (CaCog) 85.02 

Magnesium  carbonate  (MgOo.) 3.85 

Ferric  oxide  (Fe,0,) 0.33 

Alumina  (Al,Og) 0.12 

Calcium  sulphate  (CaSoJ 0.17 

Insoluble  inorganic  matter  (silica,  etc.) 5.67 

Organic   matter 3.21 

Total  98.37 

This  sample  was  taken  five  feet  below  the  surface  of  the  marl 
under  about  eight  feet  of  water.  A  second  sample,  taken  from  the 
shore  bar  just  east  of  the  ice  houses,  had  the  following  composition: 

Calcium  carbonate  (CaCog) 85.38 

Magnesium  carbonate  (MgCoJ 3.50 

Ferric  oxide  (Fe,0,) 33 

Alumina    (A1,0,) 05 

Calcium  sulphate  (CaSoj 17 

Insoluble  inorganic  matter  (silica,  etc.) 6.40 

Organic   matter 3.15 

Total  98.98 

It  will  be  seen  that  the  composition  of  this  sample  is  very  similar 
to  that  of  the  first  one  and  either  analysis  may  be  taken  as  about  the 
average  of  the  better  marl  beds  of  the  lake. 

An  analysis  of  a  third  sample  from  the  surface  of  a  marl  bed  in 
deeper  water  in  front  of  the  gravel  pit  resulted  as  follows: 

Calcium  carbonate  (CaCo,) 75.07 

Magnesium  carbonate  (MgCos) 4.18 

Ferric  oxide  (Fe,0,) 51 

Alumina    (A1,0,) 09 

Calcium  sulphate  (CaSoJ 11 

Insoluble  inorganic  matter  (silica,  etc.) 15.26 

Organic   matter 3.65 

Total   98.87 

This  shows  too  high  a  percentage  of  magnesium  carbonate  and  in- 
soluble matter,  for  cement  making.  These  impurities  are  probably 
much  less  in  the  marl  at  a  greater  depth  from  the  surface  of  the  bed. 
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Okiqin  of  the  Marl  and  Mud. — The  marl  and  the  mud  of  Lake 
Maxinkuckee  seem  to  be  secondary  deposits  upon  an  original  bed  of 
sand  and  gravel.  What  were  the  sources  of  the  marl,  what  of  the 
black  mud,  and  what  determined  their  distribution  or  arrangement? 
The  well  water  and  some  of  the  spring  water  entering  the  lake  is 
hard,  much  harder  than  the  lake>  water,  which  is  usually  designated 
as  soft  water.  The  water  of  the  lake  does  not  contain  an  excessive 
quantity  of  calcium  carbonate,  yet  it  appears  to  be  the  source  of  the 
calcium  carbonates  found  in  the  bed  of  the  lake.*  Several  different 
forms  of  life,  common  in  the  lake,  separate  calcic  compounds  from 
the  water,  changing  them  into  compounds  that  are  practically  insolu- 
ble in  the  waters  of  the  lake.  Perhaps  the  form  of  life  that  is  most 
efficient  in  this  work  of  separating  calcic  carbonate  from  the  lake 
water  is  a  species  of  Chara,  This  is  abundant  in  the  bed  of  the  lake 
from  near  the  shore  to  a  depth  of  10  or  12  feet,  especially  on  the 
north,  west  and  south.  It  must  cover  nearly  one-quarter  of  the 
entire  bed  of  the  lake.  The  stems  are  from  two  to  10  inches  long, 
making  a  thick  mat  over  the  bed  of  the  lake.  This  plant  is  every- 
where covered  with  a  thick  coating  of  calcic  carbonate  which  makes 
it  very  brittle.  There  are  other  species  of  Chara,  one,  of  much 
ranker  growth,  being  found  in  water  from  10  to  18  feet  deep,  but 
it  seldom  shows  an  appreciable  coating  of  lime.  Besides  the  Chara, 
several  Potamogetons,  as  P.  amplifolius,  P.  zostercefolius,  P.  rob- 
hinsii,  P.  friesii,  P.  lucens,  P.  lonchiiis,  P.  natans  and  P.  heterophyllus, 
are  generally  found  with  a  thick  coating  of  lime  over  their  leaves. 
Other  plants  separate  lime  from  the  water,  but  in  such  small  quan- 
tities that  they  need  not  be  mentioned. 

Besides  these  plants,  all  mollusks  of  the  list  above  given  do  much 
toward  bringing  about  a  deposition  of  the  calcic  carbonate.  In  many 
places,  especially  on  the  north,  west  and  south,  the  bed  of  the  lake 
is  thickly  covered  with  the  bivalve  mollusks.  On  the  east  the  bed  is 
too  stony  and  the  water  too  rough  for  many  shells.  We  often  found 
live  shells  in  water  from  20  to  30  feet  deep,  but  they  were  much  more 
common  in  shallow  water.  The  univalves  are  abundant  on  the  vege- 
tation down  to  a  depth  of  20  feet.  Frequently  a  half  bushel  of 
Nifella  and  Pofamogefons,  dredged  from  a  de])tli  of  18  to  20  feet, 
would  contain  more  than  100  univalves,  mainly  Vivipara. 

The  marl  of  Lake  Maxinkuckee,  then,  seems  to  have  had  its  origin 
in  calcic  carbonate,  which  was  separated  from  the  shallow  water  by 


*  When  the  lake  was  young,  the  amount  of  caiciam  carbonate  in  its  waters  was  probably 
far  in  excess  of  what  it  is  to-day,  and  the  rate  of  its  deposition  was,  without  doubt,  more 
rapid.   See  p.96.— W.S.B. 
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moUusks  and  different  species  of  Chara,  This  material,  with  other 
substances,  carried  into  deeper  water,  became  the  foundation  of  the 
marl  beds  and  formed  a  soil  in  which  grew  other  plants  that  could 
separate  calcic  carbonate  from  the  water.  These  plants  furnished 
food  for  several  species  of  mollusks  and  Crustacea  whose  shells  con- 
tributed largely  toward  the  growth  of  the  marl  beds. 

It  is  impossible,  from  data  at  present  available,  to  estimate  with 
any  degree  of  accuracy  the  quantity  of  carbonate  of  lime  deposited 
each  year.  On  some  Potamogeton  leaves  I  found  a  coating  of  lime 
about  1/100  of  an  inch  in  thickness.  Many  shells  of  the  univalves 
were  but  little  thicker;  perhaps  1/100  of  an  inch  representing  the 
thickness  of  the  lime.  Other  shells  were  much  thicker,  but  the 
amount  given  would  })robably  represent  the  average  thickness  of 
lime  formed  each  year.  Add  to  these  sources  the  lime  from  the 
stems  of  Chara  and  Nitella  and  the  lime  contributed  by  the  plankton, 
and  it  seems  as  if  1/100  of  an  inch  would  be  a  conservative  estimate 
for  the  thickness  of  the  layer  of  carbonate  of  lime  deposited  each 
year  over  certain  areas  in  Lake  Maxinkuckee.  If  we  estimate  the 
average  thickness  of  these  deposits  to  be  10  feet,  the  lake  would  be 
some  12,000  years  old.  WTiile  these  estimates  seem  conservative  for 
the  present,  it  is  quite  probable  that  the  waters  of  the  lake  formerly 
contained  a  larger  percentage  of  lime  than  they  do  now  and  that 
the  deposition  was  more  rapid  than  now.  This  circumstance  might 
reduce  the  estimate  by  one-third,  making  the  lake  about  8,000  years 
old.  I  could  find  no  data  from  which  to  estimate  the  rate  of  deposi- 
tion of  the  black  mud. 

Lost  Lake  is  protected  by  hills  and  forests  from  the  easterly 
winds,  while  those  from  the  west  are  unobstructed.  On  the  east 
there  is  a  hard  sand  beach,  and  bivalve  mollusks  are  abundant.  On 
the  other  sides  it  is  generally  muddy  and  the  water  vegetation  is 
abundant.  We  found  some  marl  in  this  lake  and  some  in  the  marshes 
along  the  outlet  and  the  inlets,  but  the  areas  were  small  and  the  ma- 
terial was  generally  quite  dark  from  a  mixture  of  vegetable  matters. 

TWIN  LAKES. 

Bt  Dr.  J.  T.  ScoTiLL. 

Not  a  Workable  Deposit. 

A  group  of  four  small  lakes  near  the  center  of  the  western  third 
of  Marshall  County  are  known  as  "Twin  Lakes.^^  They  are  about 
eight  miles  north  of  Lake  Maxinkuckee,  and  the  Logansport  Division 
of  the  Vandalia  Railway  runs  between  them.    Holem  Lake  is  about 
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three-quarters  of  a  mile  long  from  northeast  to  southwest,  and  has 
an  average  width  of  about  30  rods.  The  banks  in  general  are  steep, 
with  a  narrow  marsh  between  them  and  the  water.  Cook  Lake  is 
just  northwest  of  Holem  Lake  and  separated  from  it  by  a  narrow 
ridge  of  gravel  perhaps  20  feet  high  and  200  to  300  feet  wide.  It  is 
about  a  mile  long  and  about  40  rods  wide.  In  this  lake,  as  in  the 
others,  there  is  generally  a  narrow  marsh  between  it  and  a  steep 
bank,  llolem  and  Cook  lakes  are,  for  the  most  part,  in  the  northwest 
quarter  of  section  24  and  the  northeast  quarter  of  section  23  (33 
north,  1  east). 


li 


Fig.  59.    Map  of  Twin  Likei*  Marshall  County,  Ind. 

Just  east  of  the  northeastern  extremity  of  Holem  Lake,  across 
a  low  divide  along  which  runs  the  branch  of  the  Vandalia, 
is  the  head  of  Meyer^s  Lake.  It  is  about  one  mile  long  and  40 
rods  wide,  and  extends  from  the  northwest  corner  of  the  northeafit 
quarter  of  section  24  (33  north,  1  east)  southeasterly  nearly  to  the 
center  of  section  19  (33  north,  2  east). 

Extending  southeasterly  from  Meyer's  Lake  is  a  narrow  stream 
which,  after  a  course  of  40  or  50  rods,  expands  into  a  body  of  water 
known  as  Lorance  Lake.  This  is  separated  from  Meyer's  Lake  by 
the  grade  of  a  common  wagon  road.  The  lake  has  a  length  and 
breadth  of  about  80  rods  each,  and  is  about  equally  divided  between 
the  northeast  and  southeast  quarters  of  section  19  (33  north,  2  east). 
Holem,  Meyer's  and  Lorance  lakes  occupy  what  seems  to  be  a  portion 
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of  an  old  drainage  channel.  The  banks  of  the  valley  are  generally 
steep  and  are,  for  the  most  part,  composed  of  clay  with  some  sand 
and  gravel.  The  forest  trees  about  the  lakes  are  mainly  oaks.  In 
the  water  there  was  Chara,  Myriophyllum,  Ceratophyllum,  Potamo- 
geton,  pickerel  weed,  pond  lilies,  bulrushes,  and  other  vegetation 
quite  similar  to  that  in  Lost  Lake  west  of  Maxinkuckee.  Almost  ^e 
whole  shore  line  of  each  lake  is  marshy  and  muddy,  there  being 
only  a  few  bits  of  hard  sand  beach.  The  lakes  are  comparatively 
shallow,  15  to  20  feet,  and  the  area  drained  into  them  is  very  limited. 
In  its  widest  place  the  valley  is  scarcely  one-half  mile  wide.  Two 
small  streams  flowing  into  Meyer's  Lake  were  the  only  inlets  I  saw. 
From  the  southwestern  extremity  of  Holem  Lake  an  outlet  flows  into 
Cook  Lake  and  from  the  southwestern  extremity  of  Cook  Lake  an 
outlet  flows  southwesterly  into  Yellow  River.  Meyer's  and  Lorance 
lakes  drain  southeasterly,  but  flnally  reach  Yellow  River. 

Marl. — All  bores  in  Holem  Lak:e  pierced  only  a  flne  grayish  to 
black  mud  over  12  feet  deep.  There  was  in  general  a  thin  layer  of 
black  mud,  then  a  whiter  marl-like  mud  that  contained  many  frag- 
ments of  shells.  The  water  was  nowhere  more  than  12  feet  in 
depth.  In  Cook  Lake  10  tests  were  made.  In  eight  of  these  soft  mud 
over  12  feet  in  thickness  was  found.  In  the  others  there  was  about 
one  foot  of  mud  upon  hard  gravel.  The  marly  mud  in  every  case  was 
very  dark.  In  Meyer's  Lake  12  soundings  were  made.  In  eight  cases 
hard  sand  under  shallow  mud  was  found,  while  in  four  cases  mud 
over  12  feet  in  depth  occurred.  The  hard  bottom  was  in  the  north- 
western part  of  the  lake.  The  tests  in  Lorance  Lake  showed  deep 
black  mud  in  three  places,  fairly  good  marl  in  one  and  hard  sand  in 
one.  Forty  soundings,  somewhat  uniformly  distributed  about  these 
lakes,  disclosed  only  one  locality  where  fairly  good  marl  occurred. 

Univalve  shells  were  abundant  in  the  lakes  and  there  were  a  few 
bivalves,  but  the  latter  were  not  as  common  as  at  Lake  Maxinkuckee. 


HOUGHTON  AND  MOORE  LAKES. 
Workable  Deposit. 

These  are  two  small  lakes,  lying  about  50  rods  apart  and  occupying 
parts  of  sections  7  and  18  (32  north,  1  east),  Union  Township.  The 
north  end  of  Houghton  Lake  is  one  and  one-quarter  miles  south  of 
the  New  York,  Chicago  &  St.  Louis  (Nickel  Plate)  Railway,  and  the 
east  side  of  Moore  Lake  is  two  and  a  quarter  miles  west  of  the  Lo- 
gansport  Division  of  the  Vandalia  Railway.    The  lakes  occupy  nar- 
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row  parallel  valleys  which  trend  northeast  and  aouthweBt.  Between 
the  two  lakes  are  two  wooded  ielands,  the  southern  and  larger  of 
which  is  about  15  feet  above  the  level  of  the  water,  A  low  and  nar- 
row marshy  txact  separates  the  islands.  Through  this  was  formerly 
an  artificial  ditch,  connecting  the  waters  of  the  two  lakes.  This  is 
now  choked  up  with  muck  and  decaying  vegetation. 


MO 

CMToiyi 

^, 

1 

|: 

2^ 

Fit;.  60.    Map  of  Hanibton 


This,  the  western  lake,  was  drained  in  1897,  by  a  dredge  ditch 
running  to  the  southwest.  The  water  was  lowered  about  five  feet 
and  three-fourths  of  the  former  water  area  was  laid  bare.  In  Sep- 
tember, 1900,  the  water  remaining  covered  a  little  more  than  13 
acres,  and  ranged  in  depth  up  to  20  feet.  The  former  lake  bed  was 
surrounded  on  all  sides  by  low,  marshy  banks,  which  merged  gradu- 
ally upward  into  the  higher  cultivated  fields.  On  the  south  there  is 
a  tamarack  grove  of  20  or  more  acres,  and  on  the  northeast  an  iso- 
lated ridge  or  island  of  gravel  1.^  to  SO  feet  in  height,  from  which  a 
good  spring  flows  into  the  lake.  To  the  northeast  extensive  marshy 
tracts  extend  for  a  half  mile  or  more.  These  are  covered  with  wire 
and  other  marsh  grasses,  and  in  the  dryer  seasons  are  mowed  for 
hay. 
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Marl.— With  the  aid  of  Mr.  Amos  Osborne,  of  Culver,  Indiana, 
who  ownis  the  greater  portion  of  the  old  bed  of  Houghton  Lake,  83 
bores  were  put  down  in  this  former  lake  area.  As  no  boat  was  avail- 
able the.  present  water  area  was  not  tested,  but  judging  from  the  sur- 
rounding tests  close  to  the  water  margin,  there  is  no  doubt  but  that 
marl  more  than  25  feet  in  depth  underlies  the  whole  of  the  water. 

Over  two-thirds  of  the  former  lake  area,  now  dry,  marl  forms  the 
surface.  In  many  places  this  surface  was  so  soft  that  in  walking 
over  it  we  sank  six  or  eight  inches.  In  other  places  it  was  too  soft 
to  walk  over  without  miring  down.  Rank  growths  of  bulrushes, 
ScirpujS  lacustris  L.,  occurred  over  these  softer  springy  portions.  Of 
the  83  bores  put  down,  for  the  most  part  10  rods  apart  in  each  direc- 
tion, 36  did  not  find  the  bottom  of  the  marl  with  a  25-foot  linger. 
These  were,  for  the  most  part,  on  the  south  and  west  sides  of  the 
present  water  area,  though  a  few  of  them  Were  north  of  that  area 
and  east  of  the  griavel  island  above  mentioned.  Twelve  of  the  bores 
found  the  marl  between  15  and  25  feet  in  thickness,  while  12  others 
found  it  between  eight  and  15  feet  deep.  Of  the  remaining  23  tests, 
11  showed  six  to  eight  feet  of  marl  and  seven  of  the  others  found 
between  one  and  six  feet.  Except  on  about  15  acres  of  marsh  in  the 
northeast  corner,  not  a  single  test  within  the  border  of  the  area 
recently  covered  with  water  failed  to  find  marl.  East  of  the  present 
water  area  the  marl  between  the  water  and  wooded  island  is  only 
from  six  to  10  feet  in  thickness  except  close  to  the  water,  where  it 
increases  to  18  feet.  Jiist  west  of  the  gravel  island  north  of  the  lake, 
it  is  but  six  feet  in  thickness  over  quite  an  area.  West  of  the  old 
lake  bed,  as  shown  on  the  map,  there  is  a  marsh  area  of  six  or  eight 
acres,  in  which  muck  three  to  six  feet  thick  overlies  a  marl  bed  from 
three  to  10  feet  in  thickness.  In  one  place  in  the  ditch  at  the  south- 
west corner  the  marl  is  over  28  feet  thick,  as  the  ditch  is  three  feet 
deep  and  bottom  was  not  reached  with  the  auger.  Wherever  bottom 
of  marl  was  reached  gravel  was  found.  It  is  estimated  that,  includ- 
ing the  present  water  area,  there  are  50  acres  in  the  old  bed  of 
IToughton  Lake  over  which  the  marl  will  average  20  feet  in  thickness. 

MOORE  LAKE. 

I'll  is  lake  lies  cast  of  Houghton  Lake,  and  over  half  of  it«  surface 
is  in  the  southeastern  quarter  of  section  7  (32  north,  1  east).  It  is 
about  200  rods  long  by  60  rods  wide.  According  to  the  County  Sur- 
veyor, it  contains  92+  acres.  This  must  include  the  area  out  to  the 
meander  lines,  as  there  is  probably  not  over  70  acres  now  covered 
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with  water.  There  is  a  small  island  near  the  south  end^  and  the 
water  is  nowhere  over  16  feet  deep,  while  three-fourths  of  its  area  is 
less  than  five  feet  in  depth.  The  shores  are  everywhere  low,  and  on 
the  north,  west  and  south  are  bordered  by  extensive  muck-covered 
meadows.  On  the  east  a  wooded  ridge  rises  about  20  feet,  back  eight 
to  15  rods  from  the  water's  edge.  A  wide  and  deep  dredged  ditch 
already  exists  about  30  rods  south  of  the  southern  margin  of  the 
lake,  and  to  it  a  ditch  can  be  joined  for  $35  which  will  lower  the 
water  of  the  lake  five  feet,  and  so  drain  three-quarters  of  its  area. 

Marl. — A  large  number  of  tests  showed  that  at  least  two-thirds 
of  the  area  of  Moore  Ijake  is  underlain  with  a  deposit  of  marl  which 
will  average  12  or  more  feet  in  thickness.  In  fact  it  may  run  in 
most  places  20  feet  or  more,  as  our  tefets  were  made  in  a  leaky  boat, 
with  a  shovel  as  a  paddle,  so  that  only  an  18-foot  auger  could  be 
used.  The  large  majority  of  the  bores  put  down  did  not  reach  bot- 
tom in  one  to  five  feet  of  water.  The  best  deposit  of  marl  is  found 
beneath  the  wide  areas  of  shallow  water  on  the  south  and  west  sides. 
Here  in  many  places  it  was  17+  feet  in  thickness.  Along  the  east 
shore,  100  to  150  feet  out,  it  is  from  eight  to  16  feet  thick  with  gravel 
beneath.  In  the  northeast  corner  there  is  a  thick  bed  of  muck  over- 
lying the  marl,  but  everywhere  else  the  muck  was  lacking. 

With  50  acres  in  Moore  Lake,  averaging,  at  a  low  estimate,  12  feet, 
and  the  same  area  in  Houghton  Ijake  averaging  20  feet  in  thickness, 
there  is  here  a  first-class  deposit  of  marl,  located  within  two  and  one- 
half  miles  of  two  good  railways.  An  analysis  of  an  average  sample, 
fvl)tained  by  mixing  tlie  samples  from  the  two  lakes,  gave  the  follow- 
ing percentage  composition: 

Calcium  carbonate  (CaCo,) 89.22 

Magnesium   carbonate  (MgCo,) 2.73 

Alumina    (Al.O.) 04 

Ferric   oxide   (Fe,0,) 20 

Insoluble  Inorganic  matter  (silica,  etc.) 2.02 

Organic    matter 4.15 

Total   98.36 

This  shows  the  marl  to  be  in  every  way  suitable  for  cement  making, 
the  calcium  carbonate  being  above  the  average  and  the  magnesium 
(*arbonatc  and  other  impurities  low. 
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ST.  JOSEPH  COUNTY. 
References. — 

1859. — Richard  Owen,  Geol.  Reconn.  of  Ind.,  p.  199. 

1873.— G.  M.  Levette,  Fifth  Ann.  Rep.  Geol.  Surv.  of  Ind.,  p  456. 

1898. — W.  S.  Blatchley,  Twenty-second  Ann.  Rep.  Ind.  Dep.  Geol. 
&  Nat.  Resources,  p.  140. 

1899. — Frank  Leverett,  Water  Supply  and  Irrigation  Papers,  U.  S. 
Geol.  Surv.  No.  21,  p.  21. 

St.  Joseph  County  is  bordered  on  the  north  by  the  State  of  Mich- 
igan, on  the  east  by  Elkhart  County,  on  the  south  by  Marshall  and 
Starke  and  on  the  west  by  Ijaporte.  It  comprises  an  area  of  477 
square  miles,  the  surface  of  which  is  diversified  by  prairies,  marshes, 
"oak  openings,"  and  rolling  timber  lands.  The  "oak  openings"  are 
covered  with  a  light  sandy  soil  excellently  suited  to  the  raising  of 
small  fruits;  the  timber-lands  possess  a  subsoil  of  clay,  covered  with 
a  dark  rich  soil,  which  under  proper  cultivation  and  rotation  of  crops, 
yields  all  the  cereals  in  abundance.  The  prairies,  both  old  and  young 
— for  the  marshes  are  but  incipient  prairies — where  properly  drained, 
are  unexcelled  for  the  raising  of  any  farm  products  except  wheat, 
which  in  places  winter-kills. 

The  Kankakee  River  rises  about  two  miles  southwest  of  South 
Bend,  apd  flows  in  a  southwesterly  direction  through  the  county. 
The  most  of  the  marsh  land  adjacent  to  it  has  been  or  is  being 
drained.  The  St.  Joseph  River  is  the  principal  stream  within  the 
county,  entering  it  a  little  north  of  the  middle  of  the  eastern 
boundary,  flowing  westerly  about  10  miles,  and  then  northerly  into 
the  State  of  Michigan.  On  its  great  bend  to  the  northward  is  the 
flourishing  city  of  South  Bend,  possessing  a  population  of  almost 
36,000,  and  noted  for  its  manufactures,  especially  wagons  and  plows, 
which  are  shipped  to  all  portions  of  the  world. 

Six  important  railways  pass  through  the  county:  the  Lake  Shore 
&  Michigan  Southern;  the  Grand  Trunk;  the  Michigan  Central;  the 
Indiana,  Illinois  &  Iowa,  commonly  known  as  the  "Three  I;"  the 
Ix)gansport  Division  of  the  Vandalia,  and  the  Chicago  Division  of  the 
Wabash.  The  Baltimore  &  Ohio  and  Lake  Erie  &  Western  cross  the 
southwestern  corner,  their  junction  with  that  of  the  "Three  I"  being 
at  Walkerton,  while  the  Michigan  Division  of  the  "Big  Four"  cuts 
the  northeastern  comer.  Meet  excellent  transportation  facilities 
are  thus  furnished  in  every  direction. 

There  is  not  an  outcrop  of  rock  in  the  county,  the  entire  surface 
being  covered  with  glacial  drift  which  will  probably  average  200  feet 
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in  thickness.  The  only  place  where  this  drift  has  been  pierced  to  the 
underlying  stratified  rock  is  at  South  Bend,  where  it  was  137  feet 
thick.  This,  howefver,  was  in  the  valley  of  the  St  Joseph  River 
and  only  725  feet  above  tide,  or  fully  150  feet  lower  than  the  uplands 
in  the  southeastern  portion  of  the  county.  The  levels  of  the  more 
important  railway  stations  in  the  county  show  the  following  altitude 
in  feet,  above  tide:  Lakevillo,  837;  Mishawaka,  700  to  743;  Notre 
Dame,  710;  Osceola,  736;  South  Bend,  708  to  726;  Walkerton,  711; 
Warren,  730. 

The  drift  over  about  one-half  of  the  county  is  a  gravel  plain 
formed  bv  the  outwash  from  the  ice  sheet.  "In  the  northwestern 
portion  of  the  county  the  outwash  Ir  from  the  Valj>araJso  moraine, 
and  the  plain  descends  from  about  800  feet  at  the  border  of  the 
jnoraine  to  725  feet  at  the  border  of  the  Kankakee  marsh.  In  the 
southwestern  portion  of  the  county  the  out^^asli  is  westward  from  the 
Maxinkuckee  moraine  of  the  Saginaw  lobe,  and  there  is  a  similar 
descent  from  the  moraine  to  the  Kankakee  marsh.  In  the  north- 
eastern portion  of  the  county  there  is  an  extensive  gravel  plain  along 
the  St.  Joseph  River,  whose  head  is  in  southern  Michigan  in  a  later 
moraine  of  the  Saginaw  lolje.  Tlie  southeastern  part  of  the  county 
is  occupied  by  a  till  plain  which  borders  the  Maxinkuckee  moraine 
on  the  cast.  'J'he  Maj^inkuckee  moraine  passes  diagonally  across  the 
countv  from  the  southwest  to  the  north  border  and  has  a  width  of 
about  five  miles.  It  is  interrupted  by  a  gap  at  the  St.  Joseph  River 
near  Soutli  Bend  two  or  three  miles  in  width.  The  highest  portions 
(>f  tills  moraine  .stand  fully  300  feet  above  I/ake  Michigan,  or  about 

1)00  feet  above  tide."* 

The  lakes  of  St.  Joseph  County  are  small  in  size  and  most  of  them 

arc  rapidly  becoming  extinct.  But  one  deposit  of  marl  of  good  work- 
able area  and  thickness  is  located  in  the  county.  That  is  at  Chain 
and  Bass  lakes,  west  of  South  Bend,  and  is  fully  described  below. 

NOTKE  DAME  LAKES. 

Thick  Deposit,  Mostly  Beneath  Deep  Water. 

1'hesc  lakes,  two  in  number,  lie  just  northwest  of  Notre  Dame 
College,  in  section  86  (38  north,  2  east),  a  little  more  than  a  mile 
northeast  of  South  Bend.  St.  Joseph's  Lake,  the  larger  of  the  two, 
has  an  area  of  about  05  acres,  and  a  maximum  depth  on  the  west  side 
of  25  feet.  The  water  area  of  St.  Marv's  Lake  is  a  little  more  than 
30  acres.  The  two  lakes  are  separated  by  a  stretch  of  low  ground 
containing  10  or  more  acres.  In  the  past  this  was  covered  with  water, 
forming  one  continuous  body  or  lake. 

*LoTetU,  loo.  olt.,  p.  SI 


LAKES  AND   MARL  DEPOSITS  OF  NORTHERN   INDIANA. 


273 


Marl. — The  marl  deposit  in  and  about  these  two  lakes  is  of 
especial  interest  in  that  it  furnished  the  carbonate  of  lime  material 
to  the  first,  and  for  more  than  20  years  the  only,  Portland  cement 
factory  in  Indiana.  At  St.  Mary's  Lake  the  water  deepens  abruptly 
and  close  to  shore.  The  marl  extends  back  several  rods  from  shore, 
and  it  is  mainly  this  shore  marl  that  has  been  worked  in  the  past 


Fig.  61.    Map  of  Notre  Dame  Lakes,  St.  Joseph  County,  Ind. 

for  the  cement  factory  at  South  Bend.  The  entire  lake,  as  well  as 
that  of  St.  Joseph,  is  underlain  with  a  thick  deposit.  This,  where 
tested,  was  everywhere  beyond  reach  of  auger  and,  it  is  claimed,  has 
an  average  thickness  of  more  than  30  feet.  The  marl  was  secured  by 
dredges,  the  cut  of  one  of  which  is  shown  on  plate  IV.  It  was  piled 
up  on  the  shore  and  hauled  to  the  factory  as  needed.  The  University 
received  a  royalty  or  specified  sum  per  ton,  and  at  the  same  time  had 
its  lake  deepened  and  cleaned  up. 

An  analysis  of  the  marl  made  by  Dr.  Noyes  proves  it  to  Ik*  of  ex- 
collont  quality,  its  percentage  composition  being  as  follows: 

Calcium  carbonate  01 .02 

Mapnesium  carbonate  4.02 

Alumina    (A1,0,) 0.05 

Ferric  oxide  (Fe^O,) 0.07 

Calcium  sulphate 0.14 

Insoluble  portion   (silica) 0.19 

Organic    matter 2.25 


Total 
18-Geol. 


98.34 
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CHAIN  AND  BASS  LAKES. 
WOBKABLB  Dapoarr. 

The  basin  occupied  by  the  remnants  of  these  lakes  is  in  sections 
35  and  36  (38  north,  1  east),  and  sections  1,  2,  11  and  12  (37  north, 
1  east),  Warren  Township,  about  five 
miles  west  of  South  Bend.  The  lake 
Shore  &  Michigan  Southern  Bailvay 
runs  over  a  high  grade  and  trestle  be- 
between  the  two  lakes,  while  the  Michi- 
gan Division  of  the  "Three  I"  is  but  a 
short  distance  south  of  Chain  Lake. 

Chain  Lake  has  been  partially  drained 
and  at  present  consist*  of  two  small 
bodies  of  water  connected  by  a  rather 
broad  channel  and  lying  between  the 
railways  above  mentioned.  Around  parts 
of  the  larger  body  the  shore  is  so  low  as 
to  bo  readily  flooded  by  a  slight  rise  in 
the  lake,  while  elsewhere  the  muck  has 
built  up  tlie  surface  two  or  three  feet 
above  the  former  level  of  the  water. 
Southeast  of  Chain  Lake,  between  Chain 
and  Bass  lakes,  and  northeast  from  Chain 
Ijake,  arc  flat  stretches  that  at  one  time, 
though  not  recently,  formed  a  part  of  the 
water  area  of  the  lake.  Outside  of  these 
iirwis  the  hills  are  rather  abrupt,  though 
not  high. 

Base  I^ke  lies  north  of  the  L.  S.  & 
M,  S.  Railway  and  is  separated  from 
Chain  Ijako  by  a  low  marshy  tract,  of  30 
or  more  acres,  which  lies  between  the 
railway  and  the  grade  of  a  wagon  road. 
The  extreme  length  of  the  present 
water  area  nt  Bass  Jjakc  is  a  little 
fib.S2.  Mkp nf  Chain  ud  Bui  ovcr  onc-half  mile,  while  the  average 
ui...s.,j...,i,c...t,,i.d.      ^.jji^  .^^  ^^j  ^^^^  ^^^^  ^^  ^^^^     ^^ 

southern  half  of  the  water  area  is  only  about  one-half  the  width 
of  the  northern,  a  wide,  grass  covered  marsh,  three  feet  above  the 
water  level,  lying  on  the  east  side  south  of  the  northern  and  wider 
main  body  of  water.    On  the  north  and  south  the  shores  are  low  and 
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marshy.  On  the  east  of  the  main  water  area  a  marsh  a  few  rods  in 
width  separates  the  edge  of  the  water  from  the  steep  slope  of  a  pret- 
tily wooded  ridge,  30  to  40  feet  in  height.  The  western  shores  rise 
more  gradually  from  the  edge  of  a  narrow  marsh  into  cultivated 
fields  whose  surface  is  20  to  30  feet  above  the  water.  The  greatest 
depth  of  water  in  Bass  Lake  is  32  feet,  but  more  than  one-half  of  the 
water  area  is  less  than  10  feet  deep. 

Marl. — With  the  exception  of  a  strip  five  to  eight  rods  wide, 
which  lies  next  to  the  hills  on  the  east,  the  present  water  area  of 
Bass  Lake  is  underlain  with  marl  which  will  average  over  12  feet  in 
thickness.  In  four-foot  water  the  marl  runs  from  16  to  18  feet  in 
thickness.  There  is  no  muck  over  the  marl  beneath  water.  North 
of  the  main  body  of  water  is  an  extensive  marsh  in  which  a  thick 
bed  of  muck  overlies  most  of  the  marl.  Several  bores  showed  the 
marl  to  run  from  six  to  12+  feet  and  the  muck  from  three  to  five 
feet  in  thickness.  The  marsh  on  the  southeast,  about  10  acres  in 
area,  is  underlain  with  marl  which,  at  (A),  is  10  feet  thick  at  the 
water's  edge,  while  10  rods  back  from  the  water  it  is  six  feet  thick 
beneath  two  and  a  half  feet  of  muck.  On  the  east  shore  of  the 
southern  end  of  the  lake,  at  (B),  the  marl  was  19+  feet  thick  at  the 
edge  of  the  water,  with  about  one  foot  of  thin  muck  at  the  surface. 
Ten  rods  north,  on  the  marsh,  the  muck  was  two  and  a  half  feet  thick 
above  10  feet  of  marl.  Ten  rods  southeast  of  (B)  the  muck  is  three 
feet  and  the  marl  nine  and  a  half  feet,  while  15  rods  farther  southeast 
at  the  southeast  comer  of  the  lake  the  marl  is  11  feet  beneath  the 
same  depth  of  muck.  Over  most  of  the  marshy  tract  between  the 
wagon  road  and  the  L.  S.  &  M.  S.  Railway  the  marl  is  16  to  18  feet 
thick  beneath  two  to  four  feet  of  muck.  The  water  area  of  this 
tract  was  not  tested,  as  no  boat  was  available. 

PiXamination  from  a  boat  on  Chain  Lake  showed  marl  to  below 
16  feet  at  every  point,  and  it  is  claimed  that  in  the  center  of  the 
lake,  tests  with  a  26-foot  pole  failed  to  reach  the  bottom  of  the  marl. 
On  the  low  west  shore  between  the  lake  and  the  L.  S.  &  M.  S.  Railway 
the  marl  showed  a  depth  of  13  feet  and  over,  with  no  cover.  In  the 
southern  part  of  the  original  basin  and  the  partly  enclosed  arm  to  the 
southeast,  tests  showed  from  one  to  five  feet  of  muck,  with  marl 
beneath  to  below  16  feet.  The  muck,  of  course,  is  thin  near  the 
water  and  increases  in  thickness  at  the  expense  of  the  marl  as  the 
shore  is  approached.  An  analysis  by  Dr.  Noyes  of  an  average  sam- 
ple of  the  marl  from  Chain  and  Bass  lakes  shows  the  following  per- 
centage composition: 
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Calcium  carbonate  (CaCo,) 87.92 

Magnesium  carbonate  (MgCos) 2.64 

Ferric  oxide  (Fe,0,) 20 

Alumina    (A1,0,) 10 

Calcium  sulphate  (CaSo«) 23 

Insoluble  inorganic  matter  (silica,  etc.) 3.10 

Organic   matter 4.18 

Total 98.37 

This  analysis  proves  the  quality  of  the  marl  to  be  excellent  for 
cement  making  purposes. 

It  is  estimated  on  what  was  seen  and  on  reports  received  that  the 
marl  covers  at  least  225  acres  in  and  around  Chain  Ijake  alone,  while 
the  area  in  and  around  Bass  Lake  is  fully  one-half  as  much.  The 
proximity  of  railways  and  the  city  of  South  Bond,  renders  the  de- 
posit a  valuable  one  and  well  worthy  of  development. 


CEDAR  AND  MUD  LAKES. 
Nor  A  Workable  Deposit. 

These  lakes  occupy  parts  of  sections  2,  11, 12,  13  and  14  (38  north, 
1  east).  They  lie  on  or  just  south  of  the  Michigan-Indiana  line, 
about  eight  miles  northwest  of  South  Bend,  the  northern  two-thirds 
of  Cedar  Ijuke  being  in  Michigan. 

Cedar  Lake  furnishes  a  typical  example  of  a  lake  whose  water  area' 
has  been  encroached  upon  by  decaying  vegetation  until  it  has  be- 
come almost  extinct.  Twenty  years  ago,  according  to  the  report 
of  persons  living  near,  its  entire  basin  of  80  or  more  acres  was  cov- 
ered with  water  to  a  dej)th  of  20  to  30  feet.  Then  there  was  no 
aquatic  vegetal  ion  except  along  the  south  shore.  Now  the  southern 
half  is  a  vast  morals  of  muck  and  spatterdock,  with  wat^er  nowhere 
more  than  six  inches  in  depth.  The  western  margin  for  one-third 
the  distance  across  the  lake  is  similarly  filled.  Many  floating  islands 
or  moving  morasses  of  muck  rise  nearly  to  the  surface  in  other  parts 
of  tlie  lake,  so  that  its  clear  water  area  is  but  little  over  15  acres,  and 
its  deepest  water  only  about  12  feet. 

A  fine  wooded  ridge,  much  frequented  by  picnic  and  fishing  parties, 
and  with  a  gravelly  margin  at  the  water's  edge,  rises  20  or  more  feet 
along  the  north  half  of  the  east  side.  1'he  banks  on  the  north  and 
west  are  lower,  while  the  southern  shores  are  marshv.     llie  lake  has 

ft' 

})een  for  y<iars  a  favorite  resort  for  the  fishermen  of  South  Bend, 
bass,   blue-gills,   perch,   croppies   and   other   food    and   game   fishes 
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being  abundant.     Among  the  more  common  of  the  many  plants 
growing  in  the  water  in  September,  1900,  were  the  following: 

Ttpha  latifolia  L.     Broad-leaved  Gat-tail. 

Close  to  margin  along  south  and  west  shores. 

Bfarqanium  eubtcarpum  Engelm.     Common  Bur-reed. 

Quite  common  with  the  above. 

Potamoobton  natans  L.    Common  Floating  Pondweed. 

Frequent  in  water  from  three  to  seven  feet  in  depth. 

Potamooeton  heterofhyllus  Schreb.     Diverse-leaved  Pondweed. 

With  the  above. 

Potamooeton  feotinatus  L.     Fennel-leaved  Pondweed. 
Wholly  submerged  in  three  to  eight  feet  of  water. 

Trioloohin  falustris  L.     Marsh  Arrow-grass. 

In  shallow  water  on  north  and  west  shores. 

Alisma  plantaoo-aquatica  L.     Water  Plantain. 
Common  in  the  marshy  southern  area. 

Baoittaria  oraminea  Michx.     Orass-leaved  Arrow-faead. 

Along  the  north  and  east  shores  in  shallow  water. 

Philotria  canadensis  (Michx.)  Britton.      Water-weed;  Ditch- weed. 

At  the  bottom  of  all  water  two  to  four  feet  in  depth. 

Valisneria  spiralis  L.     Tape  grass;  Eel-graas. 

Common  in  water  three  to  five  feet  deep. 

Pei.tandra  viRGiNiCA  (L.).     Green  Arrow-arum. 

Along  the  margins  in  company  with  arrow-head,  water-plan- 
tain and  pickerel-weed. 

Spirodela  folyrhjza  (L.).     Greater  Duckweed. 

Covers  the  surface  in  many  places. 

Eriocaulon  seftanoulare  With.     Seven-angled  Pipewort. 

In  abundance  on  the  floating  islands  of  muck.  Noted  else- 
where only  at  Bass  Lake,  Starke  County,  and  Round  Lake,  Whit- 
ley County. 

Pontederia  cordata  L.     Pickerel-weed. 

Tn  one  to  two  feet  of  water  on  the  south  and  west  sliores. 

Brasenia  purpurea  (Michx.).     Watershield. 

Everywhere  in  water  three  to  five  feet  in  depth. 
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Nymph^a  advena  Soland.     Spatterdock ;  Yellow  Pond  Lily. 
Covers  the  southern  half  of  the  lake  basin. 

Castalia  odorata  (Dryand.)     White  Water  Lily. 

Along  the  margins  of  the  northern  and  deeper  waters;  com- 
mon also  with  the  preceding  where  the  water  was  of  sufficient 
depth. 

Utrcculariv  YULOARI8  L.     Greater  Bladder wort. 
Common  in  water  up  to  six  feet  in  depth. 

Utricularia  purpurea  Walt.     Purple  Bladderwort. 

Frequent  in  water  four  to  six  feet  in  depth,  the  purple  flowers 
floating  just  at  the  surface.  Not  noted  by  the.  writer  elsewhere 
in  the  State,  but  has  been  reported  from  Lake  County. 

Numerous  other  aquatic  plants,  especially  rushes  and  sedges,  were 
seen  during  the  two  hours  spent  on  this  lake.  The  above  were  the 
ones  which  in  the  past  have  formed  most  of  the  muck  which  has  re- 
placed the  water.  No  one  who  has  not  visited  a  lake  like  Cedar  can 
realize  how  varied  the  kind  and  how  abundant  the  individuals  of 
plant  life  which  can  flourish  in  water.  It  is  one  of  the  best  examples 
at  present  in  Indiana,  of  a  d3ring  lake — an  incipient  marsh.  Here 
one  can  see  in  actual  progress  many  of  those  intermediate  stages  and 
processes  which  in  time  change  a  body  of  fresh  water  into  a  body  of 
land  without  the  aid  or  intervention  of  man. 

The  northern  edge  of  the  basin  of  former  Mud  Lake  lies  south  of 
that  of  Cedar  Lake  about  one-third  of  a  mile.  Its  former  water  area 
was  over  300  acres  and  its  outline  was  very  irregular.  Now  by  drain- 
ing and  by  the  encroachment  of  vegetation  it  has  become  a  vast 
marsh,  with  not  more  than  30  acres  of  water,  and  that  shallow  and 
occupying  two  or  three  small  isolated  areas.  In  places  where  the 
local  residents  fished  for  bull-heads  and  bass  a  score  of  years  ago 
are  now  cultivated  cornfields.  The  vegetation  in  and  about  the  re- 
maining water  area  is  not  nearly  so  dense  or  so  varied  in  character  as 
at  Cedar  Lake. 

Marl. — A  trace  of  marl  was  found  only  in  two  places  in  Cedar 
Lake.  In  general  the  bottom  of  muck  was  beyond  reach  of  an  18- 
foot  auger,  though  along  the  east  shore  gravel  was  struck  beneath 
six  feet  of  muck  100  feet  from  the  bank. 

No  boat  was  available  for  exploring  the  water  area  of  Mud  Lake. 
A  number  of  tests  in  the  marsh  on  the  north  and  west  shores  dis- 
closed only  muck,  which  varied  in  thickness  from  three  to  18+  feet. 
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GOOSE  OR  SONSLBY'S  LAKE. 
Not  a  Wobkable  Dipoeir. 

This  lake  or  marsh  lies  a  little  over  two  miles  north  of  North  Lib- 
erty in  sections  9,  10,  15  and  16  (36  north,  1  east),  Greene  Township. 
It  is  less  than  a  mile  from  the  "Three  I"  railway  and  about  the  same 
distance  from  a  gravel  pit  switch  of  the  Grand  Trunk  Railway.  Sons- 
ley's  Lake  formerly  covered  most  of  section  16,  a  small  area  in  the 
east  part  of  section  17,  a  small  area  in  sections  9  and  10,  and  ex- 
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tended  east  to  include  most  of  the  northern  half  of  section  15,  now 
in  part  occupied  by  what  is  called  Little  Lake.  The  total  area  of 
lake  and  marsh  is  not  far  from  400  acres.  When  examined.  Little 
Lake  bad  an  area  of  about  30  acres,  and  the  remnant  of  Goose  or 
Sonsley'e  Lake  covered  40  or  50  acres. 

Some  years  ago  the  whole  area,  now  occupied  by  the  lakes  and 
marsh,  except  Little  Lake,  was  drained,  but  the  filling  up  of  the  drain 
has  allowed  several  feet  of  water  to  accumulate  over  a  considerable 
area  in  the  western  part  of  section  16,  and  a  small  area  in  the  eastern 
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part  of  the  same  section.  Between  these  two  water  areas  an  esker 
of  glacial  origin  stretches  across  the  lake  hasin.  It  appears  as  a 
sandy  bar  rising  four  or  five  feet  above  the  water  level.  Ooose  Lake 
is  very  shallow,  Little  Lake  somewhat  deeper.  The  surrounding 
bluffs  are  usually  rather  abrupt  and  15  to  20  feet  high.  A  slight  rise 
in  the  water  would  cause  it  to  cover  no  small  part  of  the  area  around 
Goose  Ijake. 

Marl. — liack  of  a  boat  prevented  examination  of  the  area  covered 
by  water,  except  around  the  edges.  It  is  reported  that  drillings 
made  by  prospectors  through  the  ice  showed  about  45  acres  of  marl 
witli  a  maximum  thicknees  of  30  feet.  Drillings  near  the  raised  rood 
along  the  west  line  of  section  16  showed  from  four  to  10  feet  of 
muck  with  traces  of  marl.  Tests  along  the  north  side  of  the  larger 
water  body  showed  only  sandy  bottom  in  shallow  water,  with  from 
three  to  four  feet  of  muck  over  the  sand  back  from  the  water's  edge. 

Most  of  the  area  east  of  the  sand  bar  was  dry.  Near  the  sand  bar 
the  ground  is  sandy.  Then  out  from  (V)  there  are  three  to  four  feet 
of  muck  until,  as  the  ditch  from  the  north  is  approached,  marl  sets 
in,  soon  running  to  below  reach  of  drill,  while  the  muck  thins  down 
to  two  feet  or  a  little  less.  Between  (W)  and  (C)  the  muck  runs  up 
to  seven  feet  toward  the  shore  without  marl,  but  for  a  few  hundred 
feet  from  the  ditch  either  side  the  muck  is  about  three  feet  thick, 
with  marl  thickening  to  below  end  of  drill.  This  continues  to  the 
north  with  narrowing  width  into  section  9,  but  toward  (A)  thins 
down,  drillings  between  (A)  and  (X)  showing  an  average  of  only  four 
or  five  feet. 

Just  oast  of  the  mouth  of  the  drain,  10+  feet  of  muck  was  found, 
and  out  from  (D)  only  muck  occurs,  but  southwest  of  (C)  there  is  a 
good  depth  of  marl  under  two  feet  of  muck. 

Passing  east  into  the  basin  of  Little  Lake  there  is  a  good  deposit 
of  marl  between  the  section  corner  and  the  lake  (E-F-N-0-E).  Over 
most  of  this  area  the  muck  was  from  one  to  one  and  a  half  feet  thick, 
running  out  entirely  toward  (G),  with  marl  to  below  reach  of  drill. 
Near  the  banks  the  marl  thins  out  and  the  muck  gets  thicker.  Tests 
around  the  north,  west  and  southwest  sides  of  Little  Lake  showed 
dear  marl  to  below  reach  of  pole,  but  on  the  south  side  it  is  covered 
by  a  greater  depth  of  muck,  which  toward  the  east  end  of  the  lake 
entirely  replaces  the  marl.  East  of  the  lake  the  muck  rapidly  in- 
creases to  a  thickness  of  nine  or  10  feet,  with  very  mucky  marl 
underneath. 

On  the  whole,  this  deposit,  while  extensive,  appears  to  be  of  small 
value,  due  to  the  depth  of  muck  overlying  much  of  the  marl  and  the 
poor  quality  of  the  latter. 
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RUPEL'S  LAKE. 


Not  a  Workable  Deposit. 


This  is  a  small  lake  lying  just  southeast  of  North  Liberty,  in  sec- 
tion 33  (36  north,  1  east).  It  appears  to  be  shallow  and  is  sur- 
rounded, except  on  the  west,  by  flat  marshy  land. 

Marl. — No  marl  was  found  immediately  east  or  southeast  of  the 
lake.  Along  the  ditch  which  enters  the  lake  from  the  southwest 
marl  occurs  with  a  thickness  ranging  from  0  to  10  feet.  It  is 
everywhere  overlain  by  at  least  three  feet  of  muck,  often  sandy. 
The  marl  appears  to  extend  only  a  short  distance  east  of  the  ditch. 
Over  the  marsh  just  west  of  the  lake  only  muck  was  found,  but 
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Fig.  64.    Map  of  Rupel's  Lake,  St.  Joseph  Coanty,  Ind. 

further  back  in  the  corn  field  marl  of  good  depth  occurs  under  from 
four  to  six  feet  of  muck.  It  is  said  that  22  feet  of  marl  has  been 
found  here.    It  seems,  however,  to  occupy  a  very  limited  area. 

A  little  marl  was  found  on  the  north  side  of  the  lake,  in  one  place 
the  bore  showing  six  feet  under  three  and  a  half  feet  of  muck.  In 
places  the  marl  reaches  the  surface.  A  series  of  tests  back  from  the 
lake  at  one  point  showed  10  feet  of  muck  at  water's  edge;  25  yards 
back,  three  and  a  half  feet  of  muck,  six  feet  of  marl;  50  yards  far- 
ther, seven  feet  of  muck,  trace  of  marl;  50  yards  farther,  10+  feet 
of  muck. 


/ 
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KANKAKEE  MARSH  DEPOSITS. 
Not  of  Wobkable  Sizk. 

Three  miles  southwest  of  South  Bend  a  dredged  ditch  has,  for 
some  distance,  replaced  the  original  channel  of  the  Kankakee  River 
through  the  marsh.  It  was  reported  that  in  digging  the  ditch  large 
quantities  of  marl  had  been  struck  in  two  places,  viz.,  in  section  25 
(37  north,  1  east),  and  in  section  20  (37  north,  2  east).  At  the  first 
named  place  we  failed  to  find  the  marl,  though  we  examined  all  the 
ditches  and  made  many  drillings.  The  muck  here  ranged  from  three 
to  six  feet  in  thickness. 

At  the  second  locality  marl  was  found  in  the  north  half  of  section 
20  and  the  south  half  of  section  17,  on  the  land  of  Hon.  Clem.  Stude- 
baker,  between  the  Grand  Trunk  and  "Three  F'  railways.  The  Kan- 
kakee ditch  was  first  driven  into  the  northwest  quarter  of  the  north- 
east quarter  of  section  20,  where  it  ran  into  marl  to  such  an  extent 
that  the  line  surveyed  had  to  be  abandoned  and  a  new  direction  taken. 
The  greatest  depth  of  marl  found  at  this  point  of  abandonment  was 
eight  feet  under  three  feet  of  muck.  Going  back  nearly  a  quarter 
of  a  mile  the  ditch  was  driven  east  until  the  right  of  way  of  the 
"Three  1"  railway  was  reached;  it  continued  along  that  for  nearly  a 
quarter  of  a  mile,  then  turned  north  again.  Marl  shows  above  the 
water  in  the  ditch  at  two  places,  where  it  runs  beside  the  railway, 
the  marl  being  ^\e  feet  deep  under  four  feet  of  muck  at  the  best, 
though  only  a  few  feet  back  from  the  edge  of  the  ditch  the  muck 
is  seven  feet  thick  and  marl  only  three  feet.  The  marl  in  this  marsh 
becomes  very  white  after  drying,  and  the  following  analysis  by  Dr. 
Noyos  shows  that  it  has  an  excellent  composition: 

Calcium  carbonate  (CaCo,) 91.30 

Magnesium  carbonate  (MgCo.) 2.90 

Ferric   oxide   (FCjO,) 08 

Alumina    ( AlaOg) 

Calcium  sulphate  (CaSoJ 22 

Insoluble  inorganic  matter  (silica,  etc.) 82 

Organic    matter 3.88 

Total   99.20 

Tests  in  the  northwest  part  of  the  southwest  quarter  of  the  north- 
east quarter  of  section  20  showed  from  four  to  five  feet  of  muck 
with  from  0  to  three  and  a  half  feet  of  marl  beneath.  In  the  south- 
west of  the  southeast  of  section  17  the  muck  runs  from  eight  to  nine 
feet  deep  and  overlies  from  one  to  three  feet  of  marl.  In  the  south- 
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east  quarter  of  the  southwest  quarter  of  section  17  and  northeast 
quarter  of  the  northwest  quarter  of  section  20  the  muck  measured 
from  seven  to  nine  feet  and  the  thickest  marl  a  little  over  three  feet. 

An  interesting  feature  of  the  deposit  in  these  marshes  is  the 
pockety  nature  of  the  marl,  as  indicated  in  the  hanks  of  the  ditch, 
and  the  association  of  these  pockets  with  chalyheate  springs. 

Marl  was  reported  as  having  heen  struck  in  ditching  just  west  of 
Walkerton.  An  extended  series  of  tests  were  made,  hut  all  the  marl 
that  was  found  was  under  nine  feet  or  more  of  muck.  Some  of  the 
small  marshes  east  of  Walkerton  were  Also  examined,  hut  only  traces 
of  mucky  marl,  generally  overlain  hy  a  considerable  depth  of  muck, 
were  found. 


LAPORTE  COUNTY. 
Refeeusnces. — 

1869. — Richard  Owen,  Geol.  Reconn.  of  Ind.,  p.  201. 
1873.— G.  M.  Levette,  Fifth  Ann.  Rep.  Geol.  Surv.  of  Ind.,  p.  461. 
1875. — Id.,  Seventh  Ann.  Rep.  Geol.  Surv.  of  Ind.,  p.  478. 
1899. — Frank  Ijeverett,  Water  Supply  and  Irrigation  Papers,  U. 
S.  Geol.  Surv.,  No.  21,  p.  18. 

Laporte  County  is  in  the  third  tier  of  counties  from  the  western 
line  of  Indiana,  and  lies  adjacent  to  the  south  horder  of  the  State  of 
Michigan.  Its  northwestern  corner  is  bordered  hy  the  shore  of  Lake 
Michigan  for  a  distance  of  seven  miles.  It  is  hounded  on  the  east 
hy  St.  Joseph,  on  the  south  by  Starke  and  on  the  west  by  Porter 
County.  The  Kankakee  River  forms  a  small  portion  of  the  eastern 
boundary  and  then  cutting  across  the  southeastern  corner  forms  the 
greater  part  of  the  boundary  line  between  Laporte  and  Starke 
counties.  Mill  Creek  and  several  smaller  tributaries  drain  the  south- 
em  half  of  the  county  into  the  Kankakee,  while  north  of  the  conti- 
nental divide,  which  passes  northeast  and  southwest  through  the  cen- 
ter of  the  county,  are  several  small  streams  which  flow  into  Lake 
Michigan. 

Transportation  facilities  are  most  excellent,  six  railways  crossing 
the  county  from  east  to  west,  two  from  north  to  south  and  one  from 
southeast  to  northwest,  thus  furnishing  an  outlet  in  every  direction. 

The  area  of  the  county  is  562  square  miles.  Of  this  the  northern 
third  is  somewhat  broken  and  hilly  and  was  formerly  covered  with 
timber.  The  central  and  southern  portions  contain  about  200  square 
miles  of  fine  prairie  and  a  large  area  of  Kankakee  marsh  land,  much 
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of  which  has  been  drained,  and  now  forms  excellent  grazing  and 
farming  lands.  The  entire  surface  is  of  glacial  origin,  the  Valparaiso 
moraine,  with  a  width  of  six  miles,  passing  northeastward  across  the 
northwestern  comer  of  the  county.  The  crest  of  this  moraine  lies 
from  225  to  300  feet  above  the  level  of  Lake  Michigan.  This  moraine 
"rises  very  abruptly  on  its  northwest  border  above  the  low  plain 
which  lies  between  it  and  Lake  Michigan,  but  on  its  southeast  border 
a  gravel  outwash  from  the  moraine  is  built  up  nearly  to  the  level  of 
the  crest,  and  the  descent  is  gradual  from  the  moraine  to  the  Kan- 
kakee marsh.  The  marsh  stands  fully  100  feet  above  Lake  Michigan 
in  eastern  Laporte  County  and  about  75  feet  at  the  western  border 
of  the  county.  It  is,  therefore,  150  to  200  feet  or  more  below  the 
crest  of  the  moraine.  The  gravel  plain  makes  a  descent  of  75  or 
100  feet  in  the  interval  of  eight  or  10  miles  between  the  moraine 
and  the  marsh. 

"On  the  low  plain  bordering  Lake  Michigan,  in  the  northwestern 
part  of  the  county,  there  are  series  of  narrow  till  ridges  or  feeble 
moraines  which  govern  the  drainage  of  that  region  to  a  marked  de- 
gree, though  having  a  relief  of  but  30  to  50  feet.  On  the  immediate 
border  of  the  lake  there  are  prominent  dunes,  rising  in  places  to  a 
height  of  150  feet  above  lake  level."* 

The  thickness  of  the  drift  is  known  at  but  three  places  where  gas 
well  borings  have  penetrated  to  the  underlying  stratified  rock. 
'^rhcse  are  at  Laporte,  where  it  is  295  feet  thick;  La  Crosse,  38  feet, 
and  Michigan  City,  250  feet.  The  surface  levels  at  the  more  im- 
portant railway  stations  are  as  follows  in  feet  above  tide:  Hanna, 
703;  HaskelFs,  771;  La  Crosse,  675;  Laporte,  812;  Michigan  City, 
600;  Oakwood,  727;  Otis,  765;  Rolling  Prairie,  820;  Stillwell,  731; 
Wanatah,  730;  Westville,  789. 

The  lakes  of  Laporte  County  are  few  in  number  and  are,  for  the 
most  part,  situated  near  the  crest  of  the  divide.  But  two  of  them, 
Du  Chemin  and  Fish,  contain  workable  deposits  of  marl.  Those 
near  Laporte  have,  for  35  years,  furnished  immense  quantities  of  ice 
for  shipment  to  Indianapolis  and  other  cities. 


HUDSON  OR  DU  CHEMIN  LAKE. 
Workable  Deposit. 

This  lake  lies  about  11  miles  northeast  of  Laporte,  in  sections  28, 
29  and  30  (38  north,  1  west),  and  is  just  west  of  Hudson  station,  on 
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the  Lake  Shore  &  Michigan  Southern  Bailway.  The  total  length  of 
the  lake  from  ea*t  to  west  is  nearly  two  miles  and  the  average  width 
iibout  one-half  a  mile.    The  area  is  750  or  more  acres. 

Marl. — The  whole  lake  appears  to  be  underlain  by  marl,  but,  for 
the  most  part,  it  is  not  very  thick,  being  thickest  toward  the  west 
end.  West  of  the  island  the  lake  was  nearly  dry  when  examined  in 
September,  ifes))),  there  being  only  a  small  body  of  water,  mostly  in 
the  southwest  lobe,  and  much  of  that  was  less  than  a  foot  deep. 
Tests  at  one  point  showed  the  marl  to  have  the  following  depths  at 
the  given  distances  from  shore:    At  five  yards  from  shore,  marl  two 


feet;  at  10  yards,  two  and  a  half  feet;  at  15  yards,  four  feet;  at  20 
yards,  seven  feet;  at  2-5  yards,  nine  and  a  half  feet;  at  30  yards,  12J 
feet;  at  50  yards,  14  feet.  At  other  points  the  space  between  the 
water  and  shore  was  inaccessible.  In  the  water  area  no  solid  marl 
was  found,  hut  a  mushy  mixture  of  marl  and  muck,  through  which 
the  drill  would  sink  rapidly  of  its  own  weight  to  its  full  length. 
The  most  of  the  marl  here  not  only  appeared  to  be  of  poor  quality, 
but  too  soft  to  be  handled  except  by  a  pipe. 

In  the  main  body  of  the  lake  the  marl  is  not  so  thick,  hut  more 
solid,  and  appiireutly  of  much  better  finality.  Just  east  of  the  island 
it  ran  lOi  fci't  thick  iu  seven  feet  of  water,  but  the  average  will 
hardly  run  over  five  or  six  feet.  Only  a  tew  of  the  tests  in  less  than 
10  feet  of  water  failed  to  find  the  bottom  of  the  marl  at  depths  of 
16  feet  or  less.    At  the  east  end  the  marl  runs  from  seven  to  nine 
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feet  thick  in  from  three  to  five  feet  of  water,  but  along  most  of  the 
north  side  in  that  depth  of  water  the  marl  runs  from  four  to  six  feet 
thick.  In  deeper  water  the  marl  shows  a  tendency  to  become  thinner. 
Thus  at  one  point  there  was  but  one  foot  of  marl  in  11  feet  of  water, 
though  but  a  short  distance  away  nine  feet  of  water  overlay  seven 
feet  of  marl.  At  another  point  13  feet  of  water  gave  but  one  and 
a  half  feet  of  marl,  though  six  feet  of  water  between  that  and  shore 
gave  six  feet  of  marl. 

Along  the  south  shore  the  marl  runs  a  little  thicker,  few  of  the 
tests  showing  less  than  six  feet,  and  a  few  on  the  edge  of  deep  water 
not  reaching  the  bottom.  At  the  southeast  end  of  the  lake  near  the 
hotel  the  marl  runs  thin  or  in  places  runs  out,  being  replaced  by 
muck. 

On  the  whole,  the  large  acreage  more  than  offsets  the  thinness  of 
the  bed,  and  a  fair  workable  deposit  may  be  said  to  occur  beneath  the 
shallow  water  area.  If  the  lake  should  ever  be  lowered  a  much  larger 
quantity  would,  without  doubt,  become  available. 


CLEAR,  PINE,  STONE  AND  FISH-TKAP  LAKES. 

Not  a  Workable  Deposit. 

Of  the  lakes  lying  north  and  northwest  of  Laporte  the  following 
were  visited:  Clear,  Stone,  Pine,  Mud  and  Fish-trap  lakes.  Of  these 
the  first  three  are  connected  by  channels  and  furnish  water  to  the 
Ijaportc  watens'orks,  situated  on  the  western  lobe  of  Clear  Lake. 
The  effect  of  this  has  been  to  lower  the  surface  of  the  lakes  a  few 
feet,  yet  enough  to  convert  considerable  areas  of  them  from  lake  to 
marsh  or  dry  land. 

CLEAB  LAKE. 

This  lake  lies  north  of  and  adjoining  the  city  of  Laporte.  In 
1875,  Dr.  (t.  M.  Levette  wrote  of  it  as  follows:  "Clear  Lake  has  uni- 
formly low,  sandy  shores,  and  sustains  a  scattered  growth  of  vegeta- 
tion in  the  shallow  portions.  The  water  owes  its  turbid,  dirty  green 
color  to  the  great  quantity  of  suspended  organic  matter,  confervae, 
and  perhaps  minute  animal  organisms.  Just  west  of  the  center  of 
this  lake,  for  a  space  of  two  or  three  acres,  the  water  is  only  a  few 
inches  deep;  this  may  have  been  a  small  hill  in  the  original  bed  of 
the  lake,  but  the  fishermen  insist  that  it  has  formed  there  within  a 
few  years;  that  being  true  and  no  currents  in  the  lake,  the  cause  of 
the  accumulation  is  not  clearly  understood. 
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"A  careful  search  with  the  sounding  line,  for  half  a  day,  failed  to 
find  any  water  more  than  nine  and  a  half  feet  deep.  Forty-two 
soundings  were  made,  showing  from  four  to  nine  and  a  half 
feet  of  water,  and  the  temperature  ranged  from  66  degrees  at  the 
surface  to  65  degrees  at  the  bottom,  in  deepest  parts.  Notwithstand- 
ing the  high  temperature  of  this  shallow  basin  of  turbid  water,  it  is 
more  resorted  to  for  line  fishing  from  boats  than  any  other  lake  in 
the  vicinity." 

In  September,  1899,  the  irregular  area  formerly  occupied  by  Clear 
Lake  was  nearly  all  a  mud  flat.  A  small  pool  occupied  the  center  of 
each  of  the  end  lobes  and  a  somewhat  larger  body  of  water  was  in 
the  central  basin.  This  was  shallow,  and  except  for  some  sandy  bot- 
tom on  the  south  side,  has  a  bottom  of  muck  extending  at  all  points 
tested  to  over  16  feet.    No  marl  was  foimd. 


PINE  LAKE. 

This  lake  lies  two  miles  northwest  of  Laporte.  It  is  the  largest 
lake  near  that  city,  and  is  about  one  and  a  half  miles  long  in  a  north 
and  south  direction  and  nearly  three-quarters  of  a  mile  in  width.  On 
the  east  and  west  sides  the  hills,  composed  almost  wholly  of  sand, 
rise  from  30  to  40  feet  above  the  water. 

In  1875  Dr.  I^evette  took  the  following  temperature  soundings, 
beginning  on  the  east  side  about  500  feet  from  shore  and  moving 
north;  depth  and  temperature  at  intervals  of  300  feet: 

1.  Bottom  at  41  feet,  temperature 59**  P. 

2.  Bottom  at  34  feet,  temperature ol**  P. 

3.  Bottom  at  20  feet,  temperature 63**  P. 

4.  Bottom  at  17  feet,  temperature 64%**  P. 

5.  Bottom  at  12  feet,  temperature 07**  P. 

G.  Bottom  at  10  feet,  temperature 67**  P. 

7.  Bottom  at  14  feet,  temperature 66**  P. 

8.  Bottom  at  38  feet,  temperature 60**  P. 

9.  Bottom  at  40  feet,  temperature 61**  P. 

10.  Bottom  at  39  feet,  temperature 61"*  P. 

11.  Bottom  at  30  feet,  temperature 62**  P. 

12.  Bottom  at  25  feet,  temperature t>4**  P. 

1.^  Bottom  at  40  feet,  temperature 61**  P. 

14.  Bottom  at  12  feet,  temperature 66V^**  P. 

Returning  to  the  ninth  station  and  moving  toward  the  southwest 
corner  of  the  lake,  a  second  line  of  soundings,  the  same  distance 
apart,  were  taken,  which  resulted  as  follows: 
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1.  Bottom  at  50  feet,  temperature 66**  F. 

2.  Bottom  at  40  feet,  temperafure «!**  F. 

3.  Bottom  at  45  feet,  temperature 59**  F. 

4.  Bottom  at  42  feet,  temperature tJO"  F. 

5.  Bottom  at  38  feet,  temperature 61**  F. 

6.  Bottom  at  30  feet,  temperature 62**  F. 

7.  Bottom  at  52  feet,  temperature 55**  F. 

The  lowering  of  the  surface  of  Pine  Lake  in  recent  years  has  di- 
vided it  into  two  bodies  separated  by  a  narrow  sandy  channel.  The 
water  is  deep  and  clear,  the  southern  arm  having  a  depth  of  50  feet 
in  front  of  the  ice  houses  and  a  depth  of  38  feet  very  close  to  shore 
near  the  eastern  end  of  the  tongue  of  land  separating  the  two  lobes. 

Dr.  Levette  and  Mr.  Caleb  Cooke  made  a  collection  of  fishes  in 
Clear  and  Pine  lakes  in  1875.  These  were  afterward  studied  and 
classified  by  Dr.  D.  S.  Jordan;  with  their  nomenclature  brought  up 
to  date,  the  list  of  21  species  is  as  follows: 

liisT  OF  Fishes  Known  to  Occur  in  Clear  and  Pine  Lakes. 

1.  Amieiirus  naialia  (Le  S.).     Yellow  Cat. 

2.  Amicurus  nebulosus  (Le  8.).     Common  Bullheaid ;  Horned  Pout. 

8.  Noturvs  Jlavus  Raf.     Stone  Cat. 

4.  Erimyzon  mcetta  obUmgiis  (Mitch.).     Chub  Sucker;  Sweet  Sucker. 

5.  Pimephales  noiatus  (Raf.).     Blunt-nosed  Minnow. 

6.  Notropia  megalops  (BAf,).     Common  Shiner ;  Silverside. 

7.  Hybopsis  stormantLS  (Kirtland).     Kirtland's  Minnow. 

8      Hybopm  kentuckienm  (Raf.).     Homy  Head  ;  River  Chub. 

9.  Notemigonus  chrysoleucus  (Mitch.).     Golden  Shiner. 

10.  Fundidus  diaphanus  menona  (Jor.  and  Copel.).    Common  Killifisb. 

11.  Umbra  limi  (Kirtland).     Mud  Minnow. 

12.  Lucius  vermiculatus  (Le  S.).     Little  Pickerel ;  Grass  Pike. 
18.  Jjabidesthes  siccvlxis  Cope.     Brook  Silverside ;  Skipjack. 

14.  Chitnobryiius   gidosus  (Cuv.    and  Val.).      War-mouth;    Red-eyed 

Bream. 

15.  Lepomis  cyaneUus  (Raf.).     Green  Sunfish. 

16.  Lepomin  pallidiLs  (Mitch.).     Blue  Gill ;  Blue  Sunfish. 

17.  Lepoinis  gibbosxis  (L.).     Common  Sunfish  ;  Pumpkin-seed. 

18  Micropteru.^  dolomieu  (Lacep^e).     Small-mouthed  Black  Bass. 

ly.  Etheostomu  eos  (Jor.  and  Copel.).     Sunrise  Darter. 

20.  Etheostoma  viicroperca  Jor.  and  Gil.     Least  Darter. 

21.  Ferca  flavesceiis  (Mitch.).     Yellow  Perch  ;  Ringed  Perch. 

Marl  in  Pink  Lake. — The  northern  arm  of  Pine  Lake  showed 
no  marl.    The  bottom  at  the  eastern  end  is  sandy.    Around  the  rest 
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of  the  shore  is  muck  having  a  depth  of  from  three  feet  to  over  13 
feet.  The  southern  arm  has  hard  bottom  under  most  of  the  shallow 
water  of  the  eastern  half.  A  narrow  westward  extension  of  the  lake 
was  at  the  time  of  our  visit  out  of  water,  while  a  considerable  area 
just  east  of  this  was  dry.  This  showed  some  marl,  most  of  the  tests 
in  this  area  revealing  from  a  few  inches  to  seven  feet  or  more. 
Around  the  edges  some  bare  marl  is  exposed,  but  it  is  generally  only 
a  few  inches  thick.  As  the  marl  increases  in  depth  it  comes  to  have 
muck  over  it,  the  muck  usually  about  equaling  the  marl  in  depth,  so 
that  where  the  marl  is  over  seven  feet  deep  it  is  overlain  by  nine 
feet  of  muck.  In  quality  the  marl  is  inferior,  most  of  it  sho\^ing  a 
considerable  admixture  of  muck. 

STONE  LAKE. 

This  lake  lies  about  one  mile  northwest  of  Laporte  and  is  about 
three-quarters  of  a  mile  long  by  one-half  mile  broad.  In  1875  Dr. 
Levette  wrote  of  it  as  follows:  '*Stone  Lake  is  nearly  surrounded  by 
sandy  hills  from  20  to  40  feet  high,  and  is  one  of  the  most  beautiful 
sheets  of  water  in  the  county.  Why  it  should  be  called  ^Stone'  Lake 
is  quite  incomprehensible,  as  no  rock  of  any  description  is  visible  in 
or  near  it;  not  a  single  pebble  was  seen  in  the  clean,  well  washed  sand 
which  constitutes  the  bottom,  the  shores  and  the  adjacent  hills.  The 
water  is  very  free  from  suspended  matter,  and  so  clear  that  shells 
can  be  distinctly  seen  resting  in  their  oozy  bed,  under  20  feet  of 
water. 

^*All  the  eastern  half  of  the  lake  is  shallow,  varying  in  depth  from 
six  to  10  feet;  over  a  great  part  of  which  aquatic  grasses  grow  luxuri- 
antly, reaching,  in  many  places,  to  the  surface  of  the  water.  In  the 
western  half  of  the  lake,  near  the  high  bold  shore,  the  water  is 
deeper,  rea(-hing  42  feet  at  the  deepest  point  found  by  the  sounding 
line." 

The  eastern  lobe  of  this  lake,  including  its  former  connection  with 
I^ine  I^ike,  is  now  dry.  This  area  showed  only  a  very  small  deposit 
of  fair  marl,  but  even  it  was  under  14  or  more  feet  of  muck.  Other- 
wise all  tests  found  only  muck  to  a  depth  of  IG  feet  or  over,  except 
just  Jit  the  shore.  In  a  few  places  along  the  south  shore  the  bottom 
was  sandv;  otherwise  it  was  of  muck  which  runs  from  three  to  seven 
feet  near  shore,  but  is  deeper  at  the  western  end  of  the  lake. 


FISH-TRAP  LAKE. 


The  former  basin  of  this  lake  is  now  mostly  a  mud  flat,  though  the 
water  is  reported  as  20  feet  or  more  deep  over  a  narrow  strip  on  the 
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east  and  north  sides.  Drillings  showed  only  muck  at  the  bottom  of 
the  lake,  ranging  in  thickness  from  three  feet  to  a  depth  of  10  feet 
near  the  center.  What  was  once  Mud  Lake  is  now  dry  and  partly 
under  cultivation. 

Horseshoe  Lake,  which  was  not  visited,  is  also  reported  to  be,  at 
present,  mainly  an  impassable  mud  flat  or  weedy  marsh,  though  in  a 
few  places  the  water  reaches  a  depth  of  20  or  more  feet. 


FISH  LAKE. 
WoBKABLE  Deposit. 

This  lake  lies  in  the  east  central  part  of  Laporte  County,  in  sections 
16,  17,  20  and  29  (36  north,  1  west).  Narrow  channels  divide  it  into 
four  basins  known  as  the  Upper  and  Lower  Fish  lakes  and  Upper 
ajid  Lower  Mud  lakes,  while  east  of  the  last  named  is  an  area  known 
as  Goose  Lake,  which  is  dry  much  of  the  year.  The  two  Fish  lakes 
have  each  an  area  of  about  100  acres  and  a  maximum  depth  of  40 
feet  of  water.  The  shallow  water  belt  along  shore  is  narrow,  as  a 
rule,  though  more  irregular  and  wider  in  the  Lower  Lake  than  in  the 
Upper.  The  two  Mud  lakes  were,  when  examined  in  September, 
1899,  little  more  than  swamps.  Goose  Lake  was  dry  at  the  time, 
though  it  is  said  to  have  two  feet  of  water  over  it  in  the  Spring.  The 
banks  are  everywhere  less  than  20  feet  high.  East  of  Goose  Lake 
there  is  an  extensive  flat.  The  Grand  Trunk  Railway  just  touches 
the  north  end  of  Fish  Lake,  while  the  Chicago  Division  of  the  Wa- 
bash Railway  runs  only  half  a  mile  south  of  the  south  end. 

Marl. — Upper  Fish  Lake  shows  marl  all  along  the  shore.  It  usu- 
ally sets  in,  in  less  than  two  feet  of  water.  Along  the  north  and 
northeast  shores  the  marl  is  over  12  feet  deep  in  two  feet  of  water, 
and  at  most  points  runs  from  three  to  eight  feet  in  that  depth  of  wa- 
ter.   Beyond  that  depth  the  marl  reached  to  below  reach  of  drill. 

Lower  Fish  Lake  shows  mostly  muck  just  at  the  shore  line,  though 
often  with  marl  beneath.  By  the  time  the  water  has  reached  a  depth 
of  four  feet  the  marl  was  usually  clear  and  extended  to  beyond  reach 
of  a  16-foot  drill. 

'i'he  water  area  of  Mud  lakes  was  not  examined,  but  drillings  on 
the  east  shore  showed  13  feet  of  marl,  suggesting  the  presence  of  a 
considerable  body  of  marl  beneath  the  water. 

Goose  Lake  has  an  area  of  probably  160  acres.  Tliough  over- 
flowed in  the  wet  season,  it  becomes  dry  in  the  summer,  at  which 
time  it  shows  a  large  area  of  bare  marl,  sparingly  covered  with  bul- 
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rushes.  In  the  center  of  this  area  the  bottom  of  the  marl  could  not 
be  reached  with  our  drill,  though  it  was  thought  to  be  lees  than  SO 
feet.  Away  from  the  center  the  marl  showed  an  average  depth  of 
about  10  feet.  Between  Qooee  Lake  and  Fish  Lake  the  marl  nine 
from  two  to  10  feet  or  more  thick,  but  is,  in  part,  overlain  by  muck. 
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the  latter  usually  only  a  foot  or  two  in  thickness,  but  in  a  few  places 
nmning  up  to  five  or  six  feet.  The  quality  of  the  marl  in  all  parts  of 
this  deposit  appeared  to  be  excellent. 

The  tests  showed  that  this  deposit  has  an  area  of  at  least  100  acres 
of  bare  dry  marl,  10  feet  or  more  thick;  probably  as  much  more  un- 
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der  less  than  two  feet  of  muck  or  in  less  than  10  feet  of  water,  and 
an  indefinite  but  probably  still  larger  area  of  marl  existing  beneath 
deep  water,  under  less  workable  conditions.  This  is  perhaps  the 
closest  workable  deposit  to  Chicago  and  lies  adjacent  to  two  good 
railways,  so  that  its  location  (jan  hardly  be  excelled. 


STARKK  COUNTY. 
Referrnces. — 

1859. — Richard  Owen,  Gcol.  Reconn.  of  Ind.,  p.  210. 

1885. — W.  IT.  Thompson,  Fifteenth  Ann.  Rep.  Ind.  Dept.  Qeol.  & 
Nat.  Hist.,  p.  221. 

1897. — AV.  S.  Blatchley,  Twenty-second  Ann.  Rep.  Ind.  Dept.  Geol. 
&  Nat.  Res.,  p.  124. 

1899. — Frank  Levcrctt,  Water  Supply  and  Irrigation  Papers,  U.  S. 
(leol.  Surv.,  No.  21,  p.  39. 

Starke  County  lies  in  the  second  tier  of  counties  south  of  Michigan, 
and  in  the  third  east  of  Illinois.  Its  eastern  border  is  18  miles  and  its 
southern  bordcT  24  miles  in  length.  Nine  miles  west  of  its  north- 
eastern corner  the  Kankakee  River  intervenes  between  it  and  La- 
portc  County,  an<l,  flowing  southwesterly,  forms  the  remainder  of 
the  northern  and  all  but  five  miles  of  the  western  boundarv.  Yellow 
River,  flowin^j^  west  through  the  center  of  the  county,  and  Bogus 
River  and  Pine  Creek,  north  through  the  southwestern  fourth,  empty 
into  the  Kankakee.  The  township  of  Nortb  Bend,  in  the  southeast- 
ern corner  of  the  rounty,  is  drained  by  several  small  streams  flowing 
southerly  into  the  Tippecanoe  River,  which,  making  a  bend  to  the 
north,  cuts  through  two  sections  on  the  southern  line  of  the  township 
and  then  leaves  the  countv. 

The  county  is  well  supplied  with  railways,  four  passing  entirely 
across  it.  while  one,  the  Pan  Handle  Division  of  the  Pennsylvania 
System,  cuts  its  southwestern  corner.  Those  crossing  it  from  east 
to  west  are  the  Pittsburgh,  Fort  Wayne  &  (.'hicago  across  the  north- 
ern third:  the  New  York,  Chicago  &  St.  Louis  (Nickel  Plate)  across 
the  center,  and  the  Chicago  &  Frie  across  the  southern  third.  The 
Indiana,  Illinois  &  Iowa  ('"Three  I")  enters  the  extreme  southwestern 
corner  of  the  county  and  leaves  the  northeastern,  thus  cutting  diag- 
onallv  its  full  lenirth. 

The  county  lui^  an  area  of  314  square  miles,  the  surface  of  which  is 
diversified  by  marsh,  wet  prairie,  dry  prairie  and  sand  ridge,  the  lat- 
ter predominating.    More  than  half  the  area  is  covered  to  a  depth  of 
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two  to  15  feet  by  the  fine  grained  buff  sand  so  characteristic  of  all  the 
region  adjacent  to  the  Kankakee  on  the  south.  Experience  has 
proven  that  this  sandy  soil,  if  properiy  cultivated,  will  produce  ex- 
cellent melons,  cucumbers,  sugar  beets,  berries,  grapes,  etc.  Where 
ploughed  deep  and  feri:ilized  it  also  yields  good  crops  of  com,  oats 
and  potatoes.  Within  the  past  ten  years  colonies  of  frugal,  indusr- 
trious  Germans  and  Swedes  have  bought  at  a  low  price  large  areas  of 
this  once  despised  land  and  are  making  a  good  living  from  it.  They 
utilize  all  fertilizers  produced  on  the  farm;  they  haul  muck  from  the 
lowlands  and  mix  it  with  the  sand;  they  plough  deeply  each  season; 
and  by  these  means  and  others  are  proving  the  land  of  far  greater 
productive  power  than  it  was  ever  believed  to  be. 

Many  thousand  acres  of  the  marsh  land  in  the  northern  half  of 
the  county  have  been  recently  drained,  and  where  a  few  years  ago  the 
waters  were  waist  deep  the  year  round  bountiful  crops  of  corn  are 
now  produced.  That  the  county  is  rapidly  coming  to  the  front  agri- 
culturally is  proven  by  the  growth  of  Knox,  the  county  seat,  where  a 
number  of  fine  business  blocks  have  been  erected  since  1897,  and 
where  a  $90,000  court  house  was  finished  in  1898. 

Not  an  outcrop  of  rock  occurs  in  the  county.  The  only  bores 
known  to  have  pierced  the  thick  mantle  of  drift  are  at  Knox  and 
North  Judson,  in  both  of  which  stratified  rock  was  found  about  200 
feet  below  the  surface. 

The  elevation  in  feet  above  tide  of  the  principal  railway  stations 
in  the  county  is  as  follows:  Aldine,  710;  Davis,  681;  Grovertown, 
715;  Hamlet,  695;  Jackson,  717;  Knox,  710  to  716;  North  Judson, 
695  to  700;  Ober,  741;  Ora,  721. 

With  one  exception  the  lakes  of  the  county  are  small  and  of  little 
note.  Bass  Lake,  formerly  known  as  Cedar  Lake,  is,  however,  one  of 
the  largest  and  best  known  fishing  resorts  of  the  State.  It  is  fully 
described  on  subsequent  pages.  The  English  Lake  of  the  older  maps 
was  but  an  enlargement  of  the  Kankakee  River.  Much  of  its  former 
bed  is  now  annually  producing  immense  crops  of  com. 

KOONTZ  LAKE. 
Not  a  Workable  Deposit. 

This  lake  lies  in  sections  1  and  12  (34  north,  1  west),  Oregon  Town- 
ship. It  is  a  shallow  body  of  water  covering  200  or  more  acres  and  is 
largely  artificial.  All  the  shallow  water  area  around  the  shores  was 
tested,  but  only  hard  bottom  was  found,  except  in  a  few  places  where 
beds  of  muck  had  accumulated.  Many  aquatic  plants  abound  in  the 
lake,  and  as  a  result  the  fishing  is  excellent. 
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BAGLB  LAKB. 

« 

Not  a  Wobkable  Depobit. 

Eagle  Lake  lies  in  the  northwest  quarter  of  section  13  (33  north, 
1  west),  Washington  Township;  Its  area  has  been  recently  reduced 
one-half  or  more  by  draining.  At  the  time  of  our  visit,  in  May,  1900, 
the  water  covered  about  70  acres,  and  there  were  extensive  marsh 
meadows  on  the  east  and  west  shores.  The  north  and  south  shores 
slope  gradually  upward  into  sandy,  cultivated  fields  or  woodland. 
The  outlet.  Eagle  Creek,  leaves  the  west  end  and  flows  almost  due 
west  into  Yellow  River.  The  lake  is  nowhere  more  than  18  feet  in 
depth,  while  much  of  its  area  is  less  than  five  feet,  and  .bids  fair  to 
soon  become  extinct,  as  the  decay  of  Hie  abundant  water  vegetation 
is  rapidly  adding  to  the  already  extensive  beds  of  muck.  Numerous 
large  examples  of  the  bivalve  shell,  Anedonta  grandis  Say,  were  found 
in  the  muck  beds  of  the  lake.  ITic  univalves,  Campeloma  suhsolidum 
Anthony  and  Ilelisoma  trivolvis  (Say),  were  also  common.  The  only 
turtles  noted  were  the  stink-pot  Aromochelys  odoratus  (Lat.),  and  the 
lady  turtle,  Chrysemys  marginata  (Agas.),  which  were  frequent,  espe- 
cially the  last  named.  A  school  of  carp  of  large  size  were  routed  out 
of  a  pool  covered  with  spatterdock  on  the  east  end,  and  made  the 
water  boil  in  their  frantic  efforts  to  escape. 

Marl. — The  only  deposit  of  marl  of  any  size  in  and  about  Eagle 
Lake  is  in  the  marsh  at  the  west  end.  This  marsh  comprises  about 
20  acres,  and  in  several  bores  near  the  south  side  the  marl  was  18+ 
fcet  in  thickness.  It  decreases  in  thickness  toward  the  north  and 
west  and  becomes  overlain  with  two  to  four  feet  of  muck.  The  marsh 
of  80  or  more  acres  on  the  east  and  northeast  borders  of  the  lake 
is  wholly  of  nnick,  or,  if  the  marl  be  present,  it  is  more  than  16  feet 
below  the  surface.  In  the  lake  itself,  several  tests  alonpr  the  north 
and  west  shores  showed  marl  ranging  from  12  to  15  feet  in  thickness, 
but  over  most  of  its  area  muck  beds,  whose  bottom  could  not  be 
reached,  oc(?ur.  Tlie  marl  found  is  of  excellent  quality,  but  its  quan- 
tity is  altogether  too  small  for  utilization  in  cement  manufacture, 
ft  might,  however,  be  used  to  advantage  as  a  fertilizer  on  some  of 
the  surrounding  lands,  or  for  some  of  the  other  purposes  mentioned 
on  a  previous  page. 
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RODND  LAKE. 
Not  a.  WoBsiBLE  Deposit. 

This  is  a  Braall  and  nearly  circular  lake  lying  in  the  east  half  of 
section  8  (32  north,  2  west),  California  Township.  Its  area  is  about 
120  acres.  The  water  is,  for  the  most  part,  quite  deep,  the  only 
shallow  area  of  any  size  lying  along  the  north  shore.  The  lake 
abounds  in  plant  life,  pondwedds  (Fotamogeton)  and  ntillfoils  (Myrio- 
phyllum),  being  especially  common.  The  banks  of  the  lake  are  every- 
where low  and,  except  on  the  north,  marshy. 

Marl. — The  shallow  water  on  the  north  side  was  tested  in  a  num- 
ber of  places,  but  only  sand  and  muck  were  found.  A  large  area  of 
marsh  adjacent  to  the  lake  on  the  southeast  was  reported  to  be  under- 
lain with  marl,  but  tests  showed  muck  only  to  a  thickness  of  16+ 
feet. 


NORTH  JUDSON  DEPOSIT. 


This,  the  only  workable  bed  of  marl  found  in  Starke  County,  is 
wholly  a  marsh  deposit,  lying  in  sections  10  and  15  (32  north,  4  west). 
Railroad  Township,  about  tiiree  and  a  half  miles  west  of  North 
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Fi(.  OS.   Mnp  of  Msreb  Depoait  Wait  of  Nartb  JndioD,  SUrka  County,  lad. 

Judson.  The  deposit  occupies  the  basin  of  an  extinct  lake.  Thirty 
years  ago  the  lake  had  become  replaced  by  a  marsh  over  which  duck 
hunters  and  mnakrat  trappers  hunted  and  trapped  with  great  sncceBS. 
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Now  part  of  it  is  cultivated  in  corn  and  the  remainder  fumislies 
large  and  excellent  crops  of  hay.  The  marl  is  everywhere  overlain 
with  muck,  except  in  one  or  two  places,  where  it  forms  the  surface. 
The  muck  varies  in  thickness  from  one  to  five  feet,  averaging  about 
two  and  a  half  feet.  The  center  of  the  deposit  is  two  miles  from  the 
Chicago  and  Erie  Railway;  one  and  a  half  miles  from  the  "Three  I'* 
Railway,  and  three  miles  from  the  Pan  Handle  Division  of  the  Penn- 
sylvania Railway.  The  surrounding  country  is  quite  level,  so  that 
switches  from  any  one  or  all  of  these  lines  could  be  constructed  at 
small  expense.  The  most  of  the  land  containing  the  deposit  belongs 
to  Jacob  Keller  of  North  Judson  and  F.  M.  Trissal,  204  Dearborn 
street,  Chicago. 

But  about  15  acres  of  the  deposit  lies  north  of  the  east  and  west 
wagon  road  between  sections  10  and  15,  the  remainder  being  in  sec- 
tion 15.  In  making  the  tests,  86  in  number,  over  this  tract,  a  hole 
was  dug  through  the  muck  to  the  top  of  the  stratum  of  marl,  and 
accurate  measurements  both  of  the  muck  and  the  marl  were  taken. 
The  86  bores,  made  with  a  16-foot  auger,  were  put  down  from  10  to 
20  rods  apart.  They  passed  through  a  total  thickness  of  519  fi)et  of 
marl,  thus  showing  the  average  thickness  of  the  bed  to  be  a  little 
more  than  six  feet.  These  tests  include  three  in  which  no  marl  at 
all  was  found,  and  seven  where  the  bottom  of  the  marl  could  not  be 
reached  with  the  auger.  More  bores  proportionally  were  put  down 
in  the  poorer  or  thinner  areas  than  in  the  thicker  ones,  so  that  the 
average  thickness  is  above,  rather  than  below,  six  feet. 

A  careful  estimate  of  the  amount  of  marl  found  on  the  different 
40-acre  tracts  is  as  follows: 

Southeast  quarter  of  southwest  quarter  of  section  10.  .15  acres. 
Northeast  quarter  of  northwest  quarter  of  section  15.  .30  acres. 
Northwest  quarter  of  northeast  quarter  of  section  15.  .10  acres. 
Southwest  quarter  of  northeast  quarter  of  section  15.  .120  acres. 
Soutlieast  quarter  of  northwest  quarter  of  section  15.  .:^*>  acres. 
Southwest  (luarter  of  northwest  quarter  of  section  15.  .15  acres. 
Northwest  quarter  of  soutliwest  quarter  of  section  15.  .30  acrt^s. 
Southwest  quarter  of  soutliwest  quarter  of  section  15.  .15  acres. 
Northeast  quarter  of  southwest  quarter  of  section  15.  .10  acres. 
Northwest  quarter  of  southeast  quarter  of  section  15.  .25  acres. 
Southwest  quarter  of  southeast  quarter  of  section  15.  .15  acres. 


Total    220  acres. 

The  best  and  thickest  portions  of  the  deposit  occur  in  the  north- 
west quarter  of  the  southeast  quarter  of  section  15,  and  the  north- 
west quarter  of  the  southwest  quarter  of  section  15.     In  the  first 
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named  tract  the  top  of  much  of  the  marl  is  within  six  to  10  inches  of 
the  surface  and  the  bed  is  five  and  a  half  feet  thick.  In  the  second 
40  mentioned  a  fine  wire  grass,  characteristic  of  marshes  containing 
thick  deposits  of  marl,  covered  most  of  the  surface.  The  marl  ran 
from  seven  and  a  half  to  ]  2  feet  thick,  with  muck  from  six  inches  to 
two  and  one-half  feet  overlying. 

In  color  the  marl  of  this  deposit  is  darker  than  that  found  in  the 
lakes  (o  the  eastward,  but  this  is  no  doubt  due  largely,  if  not  wholly, 
to  tlie  seepage  from  the  overlying  muck.  An  analysis  of  an  average 
sample  made  by  Dr.  Noyes,  showed  the  percentage  of  its  constitu- 
ents to  be  as  follows: 

Calcium  carbonate  (CaCO,) 89.92 

Magnesium  carbonate  (MgCOs) 2.46 

Alumina    (AI2O3) 45 

Ferric  oxide  (FCjO,) 74 

Insoluble  inorganic  matter 2.06 

Organic    matter 4.51 

Total  100.14 

The  large  percentage  of  organic  matter  shows  the  presence  of  the 
seepage  above  mentioned.  This,  however,  will  burn  out  in  the  kiln 
and  is,  therefore,  harmless.  An  analysis  of  a  picked  sample  made  for 
Mr.  Keller,  by  the  cliemist  of  the  Sandusky  (Ohio)  Portland  Cement 
Works,  showed  90.57  per  cent,  calcium  carbonate  and  2.36  of  mag- 
nesia. 

Besides  the  tract  above  mentioned,  another  of  40  or  more  acres 
lies  about  a  mile  to  the  eastward  in  the  southwest  quarter  of  the 
southwest  quarter  of  section  11  and  the  northwest  quarter  of  the 
northwest  quarter  of  section  14,  on  both  sides  of  the  road  running 
east  and  west.  The  thickness  of  both  muck  and  marl  is  here  prac- 
tically the  same  as  that  in  the  Keller — Trissal  deposit.  Other  beds 
of  minor  size  are  said  to  occur  in  the  same  township  between  these 
and  the  Kankakee  Eiver. 


BASS  LAKE. 
Not  a  Workable  Depospt. 


This  lake  ranks  fourth  in  size  among  those  found  in  Indiana;  its* 
water  area  comprising  2.23  square  miles.    It  lies  about  six  miles  south 
of  Knox  and  covers  parts  of  sections  7  and  18  (32  north,  1  west), 
North  Bend  Township,  and  sections  12,  13,  14,  23  and  24  (32  north, 
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2  west),  California  Township.  The  extreme  length  from  northeast 
to  southwest  is  just  about  three  miles.  The  northern  or  longer 
lobe  averages  about  three-quarters  of  a  mile  in  width,  while  the 
southern  basin  is  a  little  over  a  mile  wide.  These  two  lobes  are 
separated  by  long  sandy  bars  which  extend  out  from  Cedar  and 
Gull  points.  Over  the  bars  the  water  in  many  places  is  less  than 
two  feet  deep.  A  narrow  channel  of  deeper  water  intervenes  between 
the  ends  of  the  sand  spits. 

The  lake  occupies  a  shallow  basin  on  top  of  a  ridge,  the  natural 
surface  drainage  being  all  away  from  its  area.  The  fall  from  its 
water  level  to  that  of  the  water  in  the  Tippecanoe  River,  five  miles 
southeast,  is  15  feet.  It  has  at  present  no  outlet  or  natural  inlet. 
Two  artificial  ditches  drain  into  it  from  the  marsh  land  on  the  east. 
Its  overflow  formerly  found  its  way  through  the  marshes  at  the 
southwest  in  a  northwesterly  direction  to  the  Kankakee  River.  A 
portion  of  the  old  outlet  is  now  a  shallow  water  marsh,  filled  with 
spatterdock,  rushes  and  cat-tail  flags.  It  was  formerly  an  arm  or 
bay  of  the  lake,  but  has  been  separated  from  the  main  body  of  water 
by  the  levee  or  fill  constructed  for  a  roadway  along  the  northwest 
shore  of  the  south  basin.  For  a  number  of  years  there  has  been  little 
or  no  overflow,  and  the  waters  of  the  lake  seem  to  be  slowly  receding. 
It  is  fed  almost  wholly  by  subaqueous  springs  and  by  the  waters  of 
flowing  wells,  a  number  of  which  occur  on  the  north  and  east  shores 
of  the  northern  lobe.  Tliese  wells  range  from  20  to  80  feet  in  depth. 
They  pass  through  two  to  10  feet  of  sand,  then  through  a  hard-pan 
clay  into  a  stratum  of  gravel  in  which  the  water  is  found.  More 
than  half  of  the  water  area  is  less  than  seven  feet  in  depth  and  fully 
one-third  is  less  than  five  feet.  Of  510  soundings  made  by  the  U.  S. 
Fish  Commission  in  the  summer  of  1900,  307  showed  less  than  seven 
feet  of  water,  while  200  showed  less  than  five  feet.  The  average 
depth  found  by  the  516  soundings  was  8.7  feet,  while  the  maximum 
depth  was  32  feet  at  a  point  one-third  of  the  way  across  the  lake, 
north  of  Cranberry  Point.  The  map  will  show  additional  details 
ascertained  by  the  soundings  made. 

The  greater  part  of  the  shore  line  of  Bass  I^ke  is  low  and  marshy. 
This  is  especially  true  of  the  west  half  of  the  south  shore,  almost 
the  entire  west  shore,  and  the  west  third  of  the  north  shore.  Be- 
tween (A)  and  Winona  P.  0.  at  (B),  on  the  accompanying  map,  the 
banks  at  the  water  margin  are  low  and  sandy,  but  slope  up  gradually 
to  a  height  of  10  or  more  feet,  thus  furnishing  excellent  sites  for 
cottages,  a  number  of  which  have  been  erected.  From  (B)  to  (C) 
the  banks  rise  more  abruptly  15  to  20  feet,  and  this  stretch  is  also 
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occupied  by  a  number  of  cottages.  Between  (C)  and  (D)  the  im- 
mediate shore  is  mostly  low  and  marshy.  On  Cranberry  Point  there 
is  higher  ground  and  a  fine  grove,  which  is  the  resort  of  numerous 
picnic  and  fishing  parties.  South  of  (D)  as  far  as  (E)  the  banks  are 
mostly  high  and  wooded,  but  as  yet  few  cottages  have  been  erected. 
The  remainder  of  the  shore,  with  the  exception  of  a  stretch  of  high 
ground  at  Lake  Park  Station  is,  for  the  most  part,  low  and  flat. 
On  Cedar  Point  a  large  hotel  has  been  built  on  rather  low  ground. 
The  north  and  east  shores  about  Winona  P.  0.  furnish  by  far  the 
better  quarters  for  summer  visitors.  If  by  draining  the  lake  were  to 
be  lowered  two  feet,  as  has  been  attempted  several  times,  it  would 
render  bare  extensive  tracts  of  muck  and  sand  bordering  all  the 
shores  and  destroy  much  of  the  charm  and  healthful  surroundings 
of  what  is  now  a  beautiful  though  shallow  sheet  of  water. 

At  Lake  Park  Station  are  several  large  ice  houses  belonging  to 
the  Knickerbocker  Ice  Co.,  of  Chicago.  A  switch  connects  these  with 
the  Chicago  &  Erie  Railway  at  Bass  Lake  Station,  two  miles  south. 
Over  this  switch  a  regular  train  runs  daily  during  the  tourist  season, 
and  connects  with  steamers  which  land  passengers  at  the  end  of  long 
piers  on  various  sides  of  the  lake.  A  hack  from  Winona  also  con- 
nects with  all  trains  at  Bass  Lake  Station. 

The  bottom  of  the  lake  is,  for  the  most  part,  sand  or  blue,  sticky 
clay.  In  the  bay  east  of  Cranberry  Point  there  are  extensive  muck 
beds.  Muck  also  occurs  in  quantity  beneath  a  strip  200  feet  or  more 
wide,  along  the  west  shore  between  (A)  and  (F).  These  muck  de- 
posits contain  a  luxuriant  growth  of  aqmatic  vegetation.  In  June 
the  waters  of  the  lake  are  said  to  contain  vast  quantities  of  a  green 
sediment — probably  unicellular  plants.  When  these  are  present  the 
fishing  is  poor.  The  sandy  and  clay  bottoms  of  the  shallow  water 
produce  also  their  characteristic  water-plants,  so  that  the  lake  flora 
is  a  very  rich  one,  and  worthy  of  extended  study.  During  the  few 
days  spent  on  and  about  the  lake  in  May  and  July,  1900,  the  follow- 
ing species  were  noted  or  collected: 

A  Partial  List  of  the  Plants  Known  to  Occur  in  Bass  Lake  or  on  Its 

Mucky  Margins.* 

JuNiPERUS  viRGiNiANA  L.     Red  Cedar. 

Formerly  grew  in  abundance  on  Cedar  Point,  where  scattering 
examples  still  exist.  Large  cedar  logs  are  occasionally  uncovered 
in  the  marsh  just  to  the  west. 


*Mr.  H.  Walton  Clark,  of  Fort  Wayne,  kindly  identified  a  nomber  of  the  pondweeda 
and  other  strictly  aqaatio  formi. 
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Ttpha  latifolia  L.     Broad-leaved  Cat-tail. 

Abundant  in  the  marsli  at  the  northwest  corner^  also  in  the 
old  bay  west  of  the  south  basin. 

PoTAMOOETON  NATAN8  L.     Common  Floating  Pondweed. 

One  of  the  most  common  pondweeds  in  the  State.  Occurs 
abundantly  in  the  lake  in  two  to  six-foot  water. 

PoTAMOOETON  AMPLIFOLIU8  Tuckerm.     Large-leaved  Pondweed. 

Common  in  three  to  eight-foot  water  in  the  bay  north  of 
Cedar  Point.  Its  leaves  are  larger  and  more  noticeable  than 
those  of  any  other. 

PoTAMOOETON  LONCHITI8  Tuckerm.     Long-leaved  Pondweed. 

Frequent  in  water  up  to  10  feet  in  depth.  The  leaves  long 
and  slender. 

PoTAMOOETON  HETER0PHYLLU8  Schreb.     Diverse-lcaved  Pondweed. 

Frequent  in  water  less  than  five  feet  in  depth.  The  foliage 
varies  exceedingly,  the  submerged  leaves  usually  lanceolate  or 
linear;  the  floating  ones  narrowly  ovate. 

PoTAMOOETON  PRiELONQUS  Wulf.     White-stemraed  Pondweed. 

Not  common.  The  stem  is  white  and  very  long  and  branch- 
ing, the  leaves  bright  green.  Eoots  at  the  bottom  of  eight  to 
14-foot  water,  and  fruits  just  at  the  surface  in  June  or  July.  It 
usually  withdraws  the  head  of  the  fruit  beneath  the  water  after 
fertilization  has  taken  place. 

PoTAMOOETON  PUSILLU8  L.     Small  Pondweed. 

A  short,  narrow-leaved  species,  growing  in  shallow  water  with 
sandy  or  mud  bottom.  Quite  common  along  the  north  and 
east  shores  in  two  to  four-foot  water. 

PoTAMOOETON  PBGTINA1U8  L.     Fennel-leaved  Pondweed. 

Stem  slender,  filiform,  branching;  leaves  very  narrow  linear, 
in  tufts  or  interrupted  masses.  Most  common  in  four  to  eight- 
foot  water.    A  handsome  and  easily  distinguished  species. 

POTAMOGETON   FRIESU   Ruprecht. 

Found  in  the  bays  with  muck  bottoms.  Leaves  linear,  about 
two  inches  in  length.  Fruit  similar  to  that  of  P.  piisillus  L., 
but  with  a  recurved  style,  a  shallow  pit  on  e.ich  side,  and  with 
the  apex  of  the  embryo  pointing  toward  the  basal  end.  Not  be- 
fore recorded  from  the  State  except  from  Maxinkuckee  by  Dr. 
Scovell  in  the  present  volume,  though  it  occurs  in  a  number  of 
the  other  lakes. 
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Nais  flbxilib  (Willd  )  Roet.  and  Schmidt. 

Quite  common  in  six  to  20-foot  water. 

Philotbia  canadensis  (Michx.).     Water- weed  ;  Ditch  Moss. 

Abundant  in  much  of  the  water  less  than  five  feet  in  depth. 
Varies  much  in  the  character  of  the  foliage.  Blossoms  in  June 
and  July.  The  staminate  (male)  flowers  break  off  and  float 
free  on  the  surface  where  they  open  and  set  free  the  pollen, 
thus  enabling  it  to  come  in  contact  with  the  stigmas  of  the 
j)istillate  flowers  which  have  been  raised  slightly  above  the  sur- 
face l)y  the  lengthening  of  the  calyx  tube,  the  latter  varying  in 
length  according  to  the  depth  of  the  water. 

Vallisneria  spiraus  L.     Tape-grass;  Eel-grass. 

Quite  common  in  the  bays  and  along  the  margins  wherever 
muck  occurs.  Grows  in  water  between  two  and  10  feet  in  depth. 
A  plant  of  peculiar  habits,  fertilized  much  as  in  the  preceding; 
the  long  thread-like  scapes  coiling  spirally  after  fertilization 
and  drawing  the  fruit  beneath  the  water  to  ripen. 

SAOiiTiiRiA  LATiFOLiA  Willd      Broad-lesved  Arrow-head. 

Common  along  the  shore  in  mucky  places,  and  in  ditches. 

Saoittarea  reoida  Pursh.     Stiff-stemmed  Arrow  bead. 

With  the  preceding  but  much  less  common. 

SAQiTTARfA  QRAMiNEA  Michx.     Grass-leaved  Arrowhead. 

Occurs  frequently  in  mucky  places  where  the  water  is  less 
than  a  foot  in  depth. 

ZrzANiA  AQUATiCA  L.     Wild  Rlce. 

Frequent  in  the  marshy  area  on  the  west  side  of  the  south 
basin,  also  in  shallow  water  in  several  places  along  the  west 
shore.  The  stems  were  many  of  them  10  to  12  feet  in  height, 
and  the  leaves  often  a  yard  long. 

Eleocharis  mutata  (L.).     Quadrangular  Spike-rush. 

This  pretty  and  rather  scarce  rush  grows  in  numbers  in  the 
shallow  water  along  the  north  shore  of  the  south  basin. 

SciRPUS  AMERiCANUS  Pers.     Chairmaker's  Rush. 

Abundant  in  many  places  along  the  shores,  in  water  one  to 
four  feet  in  depth. 

SciRPUS  L4CUSTRI8  L.     Great  Bulrush. 

Abundant,  growing  on  sandy  bottom  in  water  up  to  eight 
feet  deep. 
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Lemita  TBI8ULCA  L.     I77  lesved  Duckweed. 

Common  on  the  surface  over  muck  beds.  In  late  summer  a 
large  number  of  the  fronds  are  connected  into  one  sheet  or  mass. 

Lebina  minob  L.     Lieseer  Duckweed. 

Abundant  with  the  above. 

Eriocaulon  BEPrANGULARE  With      Seven-augled  Pipewort. 

Common  in  the  bay  east  of  Cranberry  Point,  also  in  the 
shallow  water  near  the  northwest  shore.  Varies  much,  accord- 
ing to  the  depth  of  water,  in  the  length  of  the  scape. 

PoNTEDERiA  CORDATA  L.     Pickerel- Weed. 

Frequent  in  company  with  arrow-head  and  spatterdock  about 
the  margins  of  the  muck  areas. 

Bbtula  nigra  L.     River  Birch ;  Ked  Birch. 

A  number  grow  in  the  marsh  on  the  northwest  shore  of  the 
main  basin. 

Brabenia  peltata  Pursh.     Water-shield. 

Common  in  the  bavs  which  contain  muck.  Notable  on  ac- 
count  of  its  shield-shaped  floating  leaves  which  are  borne  on 
long  mucilage-coated  stems. 

Nymphs  A.  advena  Solaud.     Large  Yellow  Pond  Lily. 

Abundant  in  muck  beds  in  water  a  foot  or  less  deep. 

Gastalia  odorata  (Dryand).     White  Water  Lily. 

Less  common  than  the  yellow  lily.  Grows  in  water  a  foot  or 
two  deeper. 

Ceratophyllum  demersum  L.     Hornwort. 

Abundant.  Wholly  submerged  at  the  bottom  of  water  6  to 
20  feet  in  depth,  forming  thick  masses  or  beds  which  serve  as 
shelter  and  feeding  places  for  many  fishes  and  other  aquatic 
animal  forms. 

Caltha  palustris  L.     Marsh  Marigold. 

Several  large  patches  occur  in  the  marshes  at  the  northwest 
corner  of  the  north  basin. 

Rises  floridum  U  Her.     Wild  Black  Currant. 

A  number  of  bunches  occur  in  the  marsh  above  mentioned. 
In  flower  May  8,  1900. 

Rhus  vernix  L      Poison  Elder. 

Common  in  the  same  marsh.  The  large  compound  leaves  are 
often  two  feet  in  length.  More  poisonous  than  the  common 
poison  ivy,  the  juice  or  exhalation  of  its  leaves  causing  small 
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white  blisters  everywhere  on  the  surface  of  the  exposed  skin. 
An  infallible  remedy  is  a  saturated  alcoholic  solution  of  sugar 
of  lead  several  times  applied  to  the  skin  as  soon  as  the  blisters 
appear.    A  water  solution  is  of  little  if  any  value. 

Tbia^denum  virginicum  L.     Marsh  St.  Jobn's-wort. 

Found  in  the  same  marsh  as  the  last  three;  not  common. 

Decodon  VERTiCfLLA.TU8  (L.).     Swamp  Loope  strife. 

Borders  of  the  muck  marshes  along  the  west  shore;  abundant. 
Its  long,  recurved  stems  bend  gracefully  over  the  water's  edge 
and  when  in  blossom  the  rose  purple  flowers  make  it  truly  a 
notable  and  handsome  plant. 

Hydrocotyle  umbellata  L.     Marsh  Pennywort. 

In  water  three  to  six  inches  deep  or  on  the  sandy  margin  along 
the  north  shore. 

CeAMii^DAPHNE  CALYCULATA  (L.).     Leather-leaf. 

Abundant  in  the  bog  northwest  of  the  main  basin.  A  low 
branched  shrub,  with  nearly  evergreen,  oblong  leaves  and  white 
bell-shaped  flowers,  which  are  in  blossom  about  May  1st.  Forms 
a  close  cover  over  the  surface  of  much  of  the  bog  area. 

Gaultheria  PROCUMBEN8  L.     Creeping  Winterjrreen. 

This  pretty  trailing  shrub  is  plentiful  in  the  woods  north  of 
the  main  lake.  It  is  common  in  wet  shaded  places  about  tama- 
rack and  pine  swamps  in  Lake,  Porter  and  Laporte  counties, 
and  has  been  found  by  the  writer  as  far  south  as  the  Pine  Hills, 
Montgomery  County,  where  it  occurs  on  the  "Devil's  Back 
Bone." 

OxYCOCCUS  MACROCARPU8  (Ait  ).     Large  Cranberry. 

Occurs  sparingly  in  the  bog  at  the  northwest  corner  of  the 
main  basin. 

Menyanthes  TRIPOLI  at  a  L.     Marsh  Bean. 

Common  about  the  margins  of  bogs  in  different  places  around 
the  lake  shore. 

BiDENS  BECKii  Torrey.     Water  Marigold. 

Occurs  in  abundance  in  different  parts  of  the  lake  in  water  be- 
tween four  and  15  feet  in  depth.  A  peculiar  member  of  the 
family  Compositse  in  that  it  is  strictly  aquatic — its  long  and 
slender  stems  bearing  at  intervals  bunches  of  crowded,  capillary, 
many  dissected  leaves. 
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A  Partial  List  of  the  Moilusca  Inhabiting  Bagb  Lake. 

No  especial  seareli  was  mad(»  for  the  moilusca  inhabiting  the  lake, 
only  such  s])eciniens  being  taken  as  came  readily  to  hand.    The  list 

■ 

is  therefore  much  Bmaller  than  that  of  the  corresponding  group 
from  Ijiike  Maxinkuckee. 

UNIVALVES. 

1.  SUCCINEA  OVALT8  Gould 

A  number  were  taken  from  the  stems  of  rushes  and  other 
aquatic  plants  along  the  margin  of  the  uorth  basin. 

2.  LlMNOPHTSA   PAKU8TRI8   Miiller. 

Quite  common  about  the  margins  of  the  muck  beds.  Readily 
distinguished  from  its  allies  by  the  numerous  slightly  raised 
reticulating  lines  and  wrinkles.  The  adults  are  much  larger 
than  either  of  the  next  two  species. 

8.    LiMNOPHYSA   DE8IDIOBA   Say. 

This  and  th(»  next  species  were  very  abundant  on  the  stems  of 
rushes  and  otlun*  water  plants  in  the  shallow  water,  especially 
ah)ng  the  uorth  shore. 

4.    LiMNOPHYSA    HUMILIR  Sav. 

With  the  ])receding  and  prol)ably  more  abundant. 

5    Physa  gyrina  Say. 

Occurs  s])aringly  along  the  margins  of  tlu?  mnck  beds  and  in 
the  ditches  flowing  into  the  lake. 

H.  Physa  heterostropha  Say. 

Common  in  the  ditches  and  in  the  swnnij)  at  the  northwest 
margin. 

7    Planorbella  oampanulata  Say 

'I'his  vcrv  |)rct(y  shell  is  foinul  in  company  with  its  larger 
congener,  Jf.  Irivulvifi^  in  the  shallow  sandy  and  muddy  marginal 
waters  all  arouiul  the  lake. 

8.  Hflisoma  trivoia'is  Say. 

This,  the  largest  of  the  discoidal  univalves,  is  very  common, 
not  onlv  in  Bass  Lake,  hut  in  most  if  not  all  of  the  lakes  of 
northern  Indiana.  It  frequents  the  reedy  shallow  water  mar- 
gins. 
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9.  Gyraulus  PARVUS  Say. 

This  little  shell,  the  smallest  of  the  discoidal  group  of  which 
It  is  a  member,  was  quite  common  on  lily  pads  and  stems  of 
pondweeds  in  the  shallow- water  bays. 

10.  AMNrCOLA    PORATA   Sfly. 

Several  were  taken  from  the  stems  of  aquatic  plants.  They 
were  in  company  with  the  small  species  of  Limnophysa, 

11.  ViVIPARA  CONTECTOIDE8   BiDDey. 

One  of  the  most  common  univalves  iu  the  lake.  Readily 
known  by  the  three  or  four  brownish-red  revolving  bands  on  the 
body  whorl.    Occurs  everywhere  in  shallow  water. 

12.  ViVIPARA   INTBRTEXTA   Say. 

Occurs  with  the  last  named  but  less  common.  The  adults 
are  wholly  brownish-red  in  color. 

13.  Campeloma  DECrsuM  Say. 

A  few  dead  specimens  of  this  mollusk  were  found  along  the 
sandy  margins  of  the  north  shore.  In  Maxinkuckee  three  species 
of  Cainpeloma  occur  in  abundance. 

14.  GoNiOBASTs  LIVE8CENS  Meoke. 

A^ery  abundant,  the  young  occurring  by  thousands  in  the  sand 
at  the  bottom  of  the  shallow  water  along  the  south  shore  of 
Cedar  Point.  "Hie  different  stages  vary  much  in  appearance  and 
the  tyro  is  apt  to  consider  them  distinct  species. 

BIVALVES. 

No  examples  of  Ihe  genus  Ufiio  were  found  in  the  lake,  though 
six  species  are  known  to  occur  in  Lake  Maxinkuckee.  One  reason  for 
their  greater  numbers  there  is  doubtless  the  presence  of  several  in- 
flowing streams,  as  the  thick  shelled  Unios  are  much  fonder  of  flow- 
ing water  than  tlieir  more  fragile  allies,  the  Anodontas.  But  four 
s])e(ies  of  ])ivalves  were  noted.  No  one  of  them  was  common.  A 
careful  search  of  the  lake  will  probably  bring  to  light  a  number  of 
others. 

16.  Anodonta  grandis  Say. 

Several  living  half  grown  specimens  and  a  number  of  dead 
shells  of  this  large  bivalve  were  found  on  and  about  the 
various  muck  beds. 

16.  Anodonta  salmonia  Lea. 

This  is  also  a  mud-loving  form.  A  number  were  secured  while 
seining  in  the  channel  in  front  of  the  hotel  on  Cedar  Point. 

20-GeoL 
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17.  Anodonta  footiana  Leu. 

A  number  were  taken  along  the  north  shore.  It  is  a  very 
common  mollusk  in  the  Indiana  lakes.  Frequents  for  the  most 
part  sandy  or  marl  bottom  beneath  two  to  five  feet  of  water. 

18    Anodokta  FRAOTLI8  Lam. 

Several  specimens  were  taken  with  the  above.  This  is  its 
first  definite  record  for  the  State,  though  it  is  said  to  be  common 
in  the  lakes  of  Michigan,  New  York  and  Canada. 

Thk  Fishes  of  Bass  Lake. 

Bass  Lake  is  one  of  the  best  and  most  noted  fishing  resorts  of 
Indiana.  The  large  amount  of  aquatic  vegetation  furnishes  much 
available  food  for  the  smaller  species,  while  they  in  turn  are  preyed 
upon  by  the  larger.  Many  visitors  from  Chicago,  Indianapolis  and 
other  smaller  cities  and  towns  of  northern  Indiana  and  eastern  Illi- 
nois visit  the  lake,  some  of  them  several  times  each  year.  Many  of 
them  have  cottages  on  the  lake  and  spend  a  month  or  more  there, 
while  the  hotels  are  always  crowded  with  guests  during  the  summer 
season. 

The  number  of  species  of  fish  known  from  Bass  Lake  is  not  as 
large  as  from  Maxinkuckee  for  two  reasons:  First.  The  waters  of  the 
latter  have  been  much  more  thoroughly  worked  by  the  members  of 
the  U.  S.  Fish  Commission  and  others  in  order  to  determine  the 
species  found  therein.  Second.  The  numerous  inlets  entering  Lake 
Maxinkuckee  contain  several  species  which  often  find  their  way  into 
I  hat  lake  but  which  have  not  vet  been  found  in  Bass  Lake,  as  it  has 
no  inlets  of  any  size.  The  following  list  of  species  is  based  upon  a 
collection  made  by  the  writer  and  assistant  in  Bass  I^ake  on  August  8 
and  9,  1900,  and  upon  notes  taken  May  8  to  10,  1900.  Mr.  Frank 
Hay  furnished  much  of  the  data,  concerning  the  time  and  place  of 
.spawning  and  the  size  to  which  the  food  and  game  fishes  grow: 

L  Lepisosteus  platostomus  Raf     Short- nosed  Gar. 

Very  common;  feeds  mostly  upon  minnows  and  the  young  of 
many  game  fishes,  and  is  therefore  hated  by  all  fishermen.  In 
the  spawning  season,  which  occurs  in  May,  they  swim  in  schools, 
and  Mr.  Hay  killed  with  a  shot  gun  115  in  one  day  in  the  shallow 
water  along  shore.  The  females,  which  are  much  the  larger, 
reach  a  length  of  three  feet  and  a  weight  of  10  to  12  pounds. 
2.  Amia  calva  L.     Dogfish  ;  Mudfish ;  Bow-fin 

Common.  Also  rapacious  and  very  harmful  to  food  and  game 
fishes.    Reaches  a  weight  of  18  pounds.    The  flesh  is  pasty  and 
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generally  regarded  as  worthless  but  is  eaten  by  some  people. 
The  dogfish  is  a  quick  and  ready  biter,  is  full  of  pluck,  and  a 
large  one  furnishes  much  sport  before  it  is  landed.  It  is  ex- 
tremely tenacious  of  life  and  will  live  out  of  water  for  a  long 
time.  It  is  sometimes  shut  in  shallow  bays  which  gradually  dry 
up  and  the  fish  will  be  found  alive  in  the  slimy  mud,  after  all 
vestige  of  water  has  disappeared.  Besides  small  fishes,  its  prin- 
cipal food  is  univalve  and  bivalve  mollusks,  insects  and  insect 
larvffi,  crayfish,  shrimps,  etc. 

3.  Ameiurus  NAT  a  lis  (Le  S  ).     Yellow  Cat. 

The  largest  catfish  of  the  lake  and  the  one  most  commonly 
caught  on  hooks.  It  will  bite  almost  anything  in  the  way  of 
fish  or  flesh  and  can  be  caught  from  March  to  December  in  from 
six  to  25-foot  water,  especially  that  with  muck  bottom. 

4.  Ameiurus  nebulosub  (Le  8).     Common  Bull-head. 

Probably  more  common  than  the  last,  but  less  often  caught. 
Keaches  a  weight  of  1^  pounds.  Feeds  on  everything  that  usu- 
ally serves  as  food  for  fishes,  and  many  other  things  besides. 
The  following,  by  one  of  the  former  editors  of  the  Milwaukee 
Sun,  well  illustrates  the  habits  of  this  well-known  fish:  "To 
catch  the  Bull-head  it  is  not  necessary  to  tempt  his  appetite  with 
porter-house  steak,  or  to  display  an  expensive  lot  of  fishing 
tackle.  A  pin  hook,  a  piece  of  liver  and  a  cistern  pole  is  all  the 
capital  required  to  catch  a  Bull-head.  He  lies  upon  the  bottom 
of  a  stream  or  pond  in  the  mud,  thinking.  There  is  no  fish  that 
does  more  thinking  or  has  a  better  head  for  grasping  great 
questions,  or  chunks  of  liver,  than  the  Bull-head.  His  brain  is 
large,  his  heart  beats  for  humanity,  and  if  he  can't  get  liver,  a 
piece  of  tin  tomato  can  will  make  a  meal  for  him.  It  is  an 
interesting  study  to  watch  a  boy  catch  a  Bull-head.  The  boy 
knows  where  the  Bull-head  congregates,  and  when  he  throws  in 
his  hook  it  is  dollars  to  buttons  that  ^in  the  near  future'  he  will 
get  a  bite.  The  Bull-head  is  democratic  in  all  its  instincts.  If 
the  boy's  shirt  is  sleeveless,  his  hat  crownless,  and  his  pantaloons 
a  bottomless  pit,  the  Bull-head  will  bite  just  as  well  as  though 
the  boy  is  dressed  in  purple  and  fine  linen,  with  knee  breeches 
and  plaid  stockings.  The  Bull-head  seems  to  be  dozing  on  the 
muddy  bottom,  and  a  stranger  would  say  that  he  would  not  bite. 
But  wait.  There  is  a  movement  of  his  continuation  and  his 
cow-catcher  moves  gently  toward  the  piece  of  liver.  He  does 
not  wait  to  smell  of  it,  and  canvass  in  his  mind  whether  the  liver 
is  fresh.    It  makes  no  difference  to  him.    He  argues  that  here  is 
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a  family  out  of  meat,  ^y  country  calls  and  I  must  go/  says 
the  Bull-head  to  himself,  and  he  opens  his  mouth  and  the  liver 
disappears. 

"There  is  one  drawback  to  the  Bull-head,  and  that  is  his 
horns.  We  doubt  if  a  boy  ever  descended  into  the  patent  insides 
of  a  Bull-head  to  mine  for  limerick  hooks,  that  did  not,  before 
the  work  was  done,  run  a  horn  into  his  vital  parts.  But  the  boy 
seems  to  expect  it  and  the  Bull-head  enjoys  it.  We  have  seen  a 
Bull-head  lie  on  the  bank  and  become  dry  and  to  all  appearances 
dead  to  all  that  was  going  on,  and  when  a  boy  sat  down  on  him 
and  got  a  born  in  his  elbow,  and  yelled  murder,  the  Bull-head 
would  grin  from  ear  to  ear,  and  wag  his  tail  as  though  applaud- 
ing for  an  encore.*' 

f>.  Catostomus  nigrioanh  Le  S.     Hog  Sucker. 

Xot  seen  by  the  writ^T,  but  Mr.  Hay  reports  a  sucker  reaching 
a  wdght  of  half  a  poiiiul  which,  from  his  description,  is  probably 
this  species. 

6.  Erimyzon   sucetta   oblgngus  (Mitch.).      Chub  Sucker;   Sweet 

Sucker. 
Common,  especially  so  in  the  channel  in  front  of  Brabrook's 
hotel,  where  many  young  were  taken  August  9th.  Readily 
known  by  th(»  entire  absence  of  the  lateral  line.  Rarely  reaches 
a  length  of  a  foot,  but  the  Hcsh  is  soft  and  of  little  food  valua 
Lives  in  pools  with  muck  bottom  and  feeds  upon  the  algje,  insect 
larva\  decaying  plants  and  similar  vegetable  matter.  The  young 
are  rather  pretty,  the  hlack  band  on  the  sides  being  very  distinct 
and  sonic  of  the  fins  usually  tinged  with  reddish  or  orange. 

7.  CvPRiNUs  CARPio  L.     Carp. 

Common  in  the  lake,  where  it  was  probably  introduced,  as  it 
could  not  have  entered  by  overflow  waters.  Seldom  used  for 
food  by  the  residents  near  the  lake.  One  weighing  13  pounds 
was  speared  on  May  i)th,  and  specimens  weighing  18  to  20  pounds 
are  often  taken.  It  is  regarded  as  harmful  to  our  native  fish 
and  is  destroyed  by  sportsmen  whenever  possible. 

8.  Campostoma  anomalum  (Raf.).     StoDc-roller;  Stone-lugger. 

A  few  e\ain|)lcs  of  this  interesting  minnow  were  taken  in  the 
ditch  leading  into  tlic  lak(^  between  Cranberry  and  Gull  points. 

9.  PiMEPHALES  notatus  (Raf. ).     BluDt-Doaed  MIddow. 

Abundant.  This  and  the  next  species  are  the  most  common 
forms  used  for  bait.     Known  by  the  blunt,  decurved  snout,  de- 
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pressed  top  of  head,  and  dark  spot  on  front  rays  of  dorsal  fin. 
Old  males  in  spring  have  numerous  tubercles  on  the  head. 

10.  NoTROPis  HETERODON  (Copc).     VariaWe-toothed  MinDow. 

Quite  common  in  all  the  shallow  portions  of  the  lake,  where  it 
doubtless  forms  much  of  the  food  of  the  larger  game  fishes. 
Distinguished  from  the  above  by  the  incomplete  lateral  line, 
and  the  more  pointed  head. 

11.  NoTROPfs  WHIPPLII  Girard.     Silver  fin. 

A  common  form,  ranging  in  width  between  the  last  named 
and  the  next,  and  also  distinguished  by  the  dark  blotch  on  the 
last  rays  of  the  dorsal  fin.  In  the  breeding  season  one  of  the 
most  handsome  of  minnows. 

12.  NoTROPis  CORNUI us  (Mitch.).     Silvereide;  Shiner;  Rot-gut. 

Apparently  much  more  common  in  Bass  Lake  than  in  Maxin- 
kuckee.  Forms  much  of  the  food  of  the  black  bass  and  other 
game  fishes.  The  exposed  portion  of  the  scales  on  the  sides  are 
much  higher  than  long.  The  body  cavity  is  lined  with  black. 
The  flesh  is  soft  and  spoils  very  soon  after  death,  whence  the 
common  name  of  Rot-gut. 

13.  Abramis  CRYSOLEUCAS  (Mitch.).     Golden  Shiner ;  Bream. 

Very  common  in  the  bays  with  muck  bottoms,  especially  so 
in  the  one  in  front  of  Brabrook's.  Resembles  the  shiner,  but  dis- 
tinguished by  the  long  anal  fin  which  has  a  sharp  ridge  or 
carina  in  front  of  it. 

14.  Umbra  limi  (Kirt.).     Mud  Minnow. 

Scarce.  One  specimen  was  taken  with  a  dip  net  in  May  from 
the  marsh  at  the  northwest  corner  of  the  lake,  and  another  in 
July  from  the  main  ditch  on  the  east  side.  Reaches  a  length 
of  only  four  inches.  It  is  the  only  small  fish  found  in  Indiana 
which  has  a  rounded  caudal  fin  with  black  bar  at  the  base.  It 
is  notable  for  the  length  of  time  which  it  can  survive  in  mud 
after  the  water  has  evaporated,  and  it  is  said  that  living  speci- 
mens arc  often  ploughed  up  in  the  bed  of  a  dried  up  pond  or 
swamp. 

15.  Lucius  vermiculatus  (Le  8.).     Little  Pickerel ;  Grass  Pike 

C^oinnmn  in  shallow  pools  about  the  weedy  margins.  Reaches 
a  length  of  a  foot  and  a  weight  of  a  pound,  or  a  little  more.  Like 
its  larger  relatives  it  is  very  voracious  and  sometimes  pays  the 
penalty  of  it,s  life  in  attempting  to  swallow  something  too  large 
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for  its  gullet.  A  dead  specimen  was  taken  at  the  margin  of  the 
lake  in  May  which  was  11  inches  long.  It  had  attempted  to 
swallow  a  blue-gill,  Lepomis  pallidus  (Mitch.)  four  inches  long 
and  three  inches  wide,  but  the  size  and  spines  of  the  latter  inter- 
fered and  the  pike  was  choked  to  death,  the  throat  being  badly 
torn. 

16.  Lucius  lucius  (Linn.).     Common  Pike;  Pickerel. 

Formerly  common  but  now  rarely  seen.  One,  taken  in  the 
lake  in  May,  1899,  was  31  inches  long  and  weighed  10  pounds. 
ITie  largest  one  known  to  have  been  taken  in  the  lake  in  the  past 
weighed  28  pounds.  They  frequent,  for  the  most  part,  six  to  20- 
foot  water,  near  the  edges  of  the  beds  of  hornwort  and  other 
plants. 

17.  FuNDULUS  DIAPHA.MU8  MENONA  (Jor.  and  Cope).     Barred  Killifish ; 

Spring  Minnow. 
Abundant  in  the  shallow  water  over  sandy  bottom.     Full 
grown  specimens  are  four  inches  long.    Kjiown  by  the  12  to  16 
dark  cross  bars  on  the  sides.     Feeds  on  the  smaller  moUusks, 
larvae  of  insects,  etc. 

18.  FuNDULUS  DisPAR  (Agassiz).     Top  Minnow. 

Frequent.  Thicker  and  shorter  than  the  preceding.  A  pale 
spot  on  top  of  the  head,  and  about  10  narrow  lengthwise  bars  on 
the  sides.  The  males  have  also  about  nine  line-like  cross  bars. 
Frequents  for  the  most  part  the  bays  and  inlets,  where  it  is  seen 
in  small  schools  swimming  close  to  the  surface. 

19.  Labidesthes  8ICCULUS  (Cope).     Skipjack;  Brook  Silverside. 

Abundant.  A  small  and  graceful  species  which  is  usually  seen 
in  schools  close  to  the  surface.  It  often  throws  itself  above 
the  water,  whence  its  common  name.  Known  by  its  slender 
translucent  body,  two  dorsal  fins  and  bright  silvery  stripe  along 
the  sides.    Feeds  on  minute  Crustacea,  mollusks,  etc. 

20.  PoMOxis  8PAROIDE8  (Lacepode).    Calico  Bass;  Grass Baes;  Croppie. 

Common.  Much  more  so  than  in  Lake  Maxinkuckee.  Fre- 
quents six  to  25-foot  water.  Reaches  a  weight  of  1|  pounds. 
NestaS  in  the  sand  in  six  to  eight-foot  water.  A  handsome  and 
valuable  food  fish,  which  takes  the  hook  best  in  April,  May 
and  October. 

21.  Ambloplites    RUPE8TRI8   (Raf.).      Goggle-eye;    Red-eye;    Black 

Perch. 
Common.    Frequents  six  to  12-foot  water  along  the  edges  of 
immersed  banks  of  vegetation.    Spawns  in  May  in  sand  at  the 
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bottom  of  four  to  six-foot  water.  According  to  Dr.  S.  A.  Forbes, 
the  young,  up  to  an  inch  in-  length,  live  principally  on  minute 
crustaceans;  beyond  this  size  up  to  three  inches,  on  aquatic  in- 
sects and  their  larvai,  while  the  larger  specimens  feed  on  min- 
nows, insects  and  crayfish. 

22.  Ch^nobryttus  gulosus  (Cuv.  and  Val.).      War-mouth;    Indian 

Fish. 

Abundant  among  the  weeds  at  the  bottom  of  six  to  12-foot 
water,  it  and  the  blue-gills  being  the  most  common  species 
caught  while  still-fishing.  Mr.  Hay  reports  that  it  spawns  in 
the  mud  below  three  to  five-foot  water:  Its  food  at  diiBferent 
ages  is  the  same  as  that  of  the  goggle-eye.  It  is,  however,  more 
gamy.    Both  are  excellent  pan  fishes. 

23.  Apomotis  cyanellus  (R«f.)      Green  Sunfish;  Rnck  Bass. 

Frequent,  especially  in  the  bays  with  muck  bottom.  Known 
by  its  oblong  body,  large  mouth,  low  spines  and  narrow  wavy 
stripes  of  blue  on  the  cheeks.  A  handsome  species,  which 
reaches  a  weight  of  little  over  half  a  pound. 

24.  Lepomis  MEOALOTI8  (Raf.).     Ijong-eared  Sunfish. 

Frequent,  especially  in  two  to  four-foot  water,  among  the 
weeds  growing  from  sandy  bottom.  Readily  distinguished  by 
its  brilliant  colors  and  long  black  ear  flap  margined  with  paler. 
Reaches  a  length  of  six  or  eight  inches.  Years  are  spent  by 
these  long-eared  sunfish  in  a  dreamy  sort  of  existence,  their  en- 
ergies quickened  by  the  vernal  season  and  growing  duller  on 
the  approach  of  winter.  Excepting  the  times  when  they  are 
tempted  by  a  wriggling  worm  on  some  boy^s  hook,  theirs  is  a 
life  exempt  from  danger.  A  kingfisher  glancing  down  from 
his  porch  on  a  bent  sycamore  limb  may,  at  times,  discern  them 
and  lessen  their  ranks,  but,  methinks,  the  chub  minnows,  with 
fewer  spines  in  their  dorsal  fins,  are  more  agreeable  to  the  king- 
fisher's palate.  With  all  the  tints  of  the  rainbow  gleaming 
from  their  sides  they  move  to  and  fro,  the  brilliant  rulers  of 
the  quiet  pools  in  which  they  abide. 

« 

25.  Lepomis  palltdus  (Mitch.)      Blue-gill;  Blue  Sunfish. 

Common  in  schools  at  the  bottom  of  six  to  2o-foot  water. 
Reaches  a  weight  of  three-quarters  of  a  pound.  Spawn  in  shal- 
low circular  nests  in  the  sand,  which  they  scoop  out  with  the 
tail,  the  nests  being  beneath  three  to  four-foot  water.  A  valu- 
able food  fish  and  one  of  the  gamiest  of  the  sunfishes. 
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26.  EupoMOTis  EURTORU8  (McKay).    Broad  eared  Suofisb. 

Scarce.  Three  specimens  were  taken  in  June,  1900,  by  Mr. 
Ifay,  which  were  eight  inches  long  by  five  wide.  It  was  first 
thought  they  were  the  Chain-sided  sunfish,  Lepomis  machro- 
chirns  (Raf.),  but  a  more  careful  examination  proved  them  other- 
wise. They  were  caught  while  still-fishing  among  a  school  of 
blue  gills.  Known  from  the  blue  gill,  which  it  most  closely  re- 
sembles, by  the  bluntly  conic  pharyngeal  t^^eth  and  by  the  ear 
flap  being  margined  with  reddish  orange.  Taken  before  in 
Indiana  only  in  Cedar  and  Shriner  lakes,  Whitley  County,  and 
in  Lake  Maxinkuckee. 

27.  EuPOMOTis  GIBB08UB  (LioD.).     CommoD  Sunfish;  Pumpkin  Seed. 

Abundant.  Known  by  its  deep  body  with  strongly  curved  out- 
line, short  rounded  ear  flap,  small  mouth,  high  dorsal  spines 
and  brilliant  coloration.  Eeaches  a  weight  of  one-half  pound  or 
more.  Feeds  on  insects,  small  crustaceans  and,  especially,  uni- 
valve mollusks.  The  eggs  are  laid  in  nests  in.  the  mud,  sand  and 
gravel  and  are  guarded  carefully  by  the  male.  The  "sunny,*' 
as  it  is  sometimes  called,  bites  with  vigor  at  almost  any  kind  of 
bait  small  enough  for  it  to  swallow. 

28.  MiCROPTERUs  8ALMOIDE9  (Lac^p^de).     Large-mouthed  Black  Bass. 

Common;  reaches  a  weight  of  eight  pounds.  Frequent-s  three 
io  r2-fo(vt  water.  Spawns  in  sandy  places  beneath  two  to  three- 
fool  water.  The  most  noted  game  fish  in  the  State  and,  accord- 
ing to  ]\rr.  I  lav,  the  onlv  bass  occurring  in  Bass  I/ake. 


.^      »,..     .....      .-..J,      ....V.     v,x..j       ^^^..^     wvv»..x»*.^ 


29.  Perca  FLAVE8CEN8  (Mitch.).     Yellow  Perch  ;  Ringed  Perch. 

Abundant  but  mostly  of  small  size.  Specimens  weighing  one 
and  one-half  pounds  have,  however,  bc^n  taken.  Occurs  in 
water  of  all  depths,  ihe  larger  in  th(»  deeper  water.  Will  bite 
almost  any  kin<l  of  bait.  **The  penOi  is  a  tough  and  heedless 
fish,  biting  from  impulse,  without  nibbling  and  from  impulse 
refraining  to  bite,  and  sculling  indilTerently  past.  It  is  a  true 
lish,  such  as  the  angl(T  loves  to  ])ut  into  his  basket  or  hang  on 
the  top  of  his  willow  twig,  on  shady  afternoons,  along  the  banks 
of  th(»  streams.  So  many  unquestionable  fish  he  counts  and  so 
many  shiners  which  he  counts,  and  then  throws  away.'' — Thoreau. 

80.  BoLESOMA  NIGRUM  (Raf.).     Johnny  Darter ;  Tessellated  Darter. 

.\bundant.  IJeaches  a  length  of  onlv  two  and  a  half  inches: 
occurs  evervwhere  in  shallow  water  with  sandv  bottom.  The 
only  darter  taken  in  th^  lake^  though  three  or  four  others  doubt- 
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less  dwell  therein.  The  *' Johnny^'  lurks  on  the  hottom,  moving 
when  disturbed  with  great  rapidity  for  a  short  distance,  then 
resuming  its  former  quiet  position.  "Crouching  eat-like  before 
a  snail  shell  it  will  snap  off  the  horns  which  the  unlucky  owner 
pushes  timidly  out,  or  at  times  seizes  the  animal  by  the  head 
and  dashes  the  shell  against  a  pebble  or  larger  stone  until  it 
pulls  the  body  out  or  breaks  the  shell." 

TOBTLRS  OF   BA88   LaKE. 

More  species  of  turtles  have  been  taken  in  and  about  Bass  Lake 
than  about  any  other  lake  in  the  State.  During  our  visits  in  May 
and  July,  the  following  species  were  noted: 

1.  AsPiDONscTES  SFiNiFEK  (Le  S).     CommoD  Soft- shelled  Turtle. 

Frequently  seen  swimming  gracefully  close  to  the  bottom  and 
resting  among  tlie  lily  i)ads  in  the  coves  and  bays.  Tliis  turtle 
is  much  relished  as  food,  and  several  turtle  catchers  from  Chi- 
cago \h\i  the  lake  each  season  and  set  nets  for  it  and  the  next 
species. 

2.  Ghelydra  SERPENTINA  (L.).     Commou  Snapping  Turtle. 

Tlie  largest  turtle  in  the  lake — very  common  among  ilu^  vege- 
tation growing  from  the  muck  beds. 

8.  Aromochelys  odoratus  (Latreille).     Musk  Turtle;  Stink-pot. 

Xext  to  Chrj/semi/s  marginafa  the  most  common  turtle  in  the 
lake.  It  was  noted  for  the  most  part  in  the  vicinity  of  the  sedges 
and  rushes  along  the  sandy  shores  in  water  up  to  a  foot  or  two 
in  depth.  One  specimen  was  taken  in  May  which  had  a  mollusk, 
Helisuma  trivolvis  (Say),  in  its  mouth. 

4.  Malaclemmys  GEOGRAPHicrjs  (Le  S.).     Map  Turtle. 

^hu'h  less  common  in  l^ass  T^ake  than  in  Maxinkuckee.  Fre- 
(juenis  the  shallow  water  in  the  vicinity  of  the  shore,  where  it 
feeds  |)rincij)ally  upon  mollusks,  especially  the  thin-shelled  spe- 
cies of  Limnophijsa,  which  (»eeur  in  abundancij  upon  the  rushes 
and  other  veg(*tation. 

5.  KiNosTERNON  PENNSYLVANicuM  (Bosc  ).     Mud  Turtle. 

A  number  of  specimens  of  this  small  box-turtle  were  taken 
from  the  shallow  water  along  the  north  shore.  It  is  a  uniform 
dusky  brown  in  color,  and  the  lobes  of  the  plastron  are  nearly 
efjual  in  size  and  hinged  so  that  they  are  movable  at  will.  The 
animal  can,   therefore,  when   threatened  with   danger,  retire 
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wholly  within  the  shell  in  a  manner  similar  to  the  common  dry 
land  box-turtle,  Cistvdo  Carolina  (L.).  The  food  of  the  mud 
turtle  consists  of  small  fish,  insects,  moUusks,  leeches,  and  other 
small  water  and  mud  inhabiting  animals.  This  species  is  rather 
scarce  in  Indiana,  having  been  recorded  heretofore  only  from 
Knox  and  Vigo  counties. 

6    PsEUDEMYS  ELEOANB  (Wied.).     Elegant  Terrapin. 

As  the  specific  name  implies,  this  is  one  of  the  most  handsome 
of  the  fresh  water  turtles.  In  Bass  Lake  it  is  quite  frequent 
and  reaches  a  large  size,  two  which  were  captured  by  Mr.  Hay, 
being  respectively  10  and  11  inches  in  length.  They  were  taken 
after  night  while  moving  rapidly  along  the  bottom  of  the  shallow 
water.  It  has  been  reported  from  no  other  lake  in  the  State,  but 
has  been  taken  in  the  Tippecanoe  River  near  Winamac,  and  in 
the  Wabash  at  New  Harmony;  also  by  the  writer  in  a  large  pond 
in  Vigo  County. 

7.  Chrysemvb  marginata  (Agas.).     Lady  Turtle. 

Abundant,  especially  in  bays  and  coves  among  the  masses  of 
spatterdock  and  white  water  lilies.  Here  on  warm  sunny  days 
it  may  be  seen  by  dozens  lying  upon  any  object  large  enough  to 
bear  its  weight,  basking  in  the  sunlight.  When  approached  it 
"  stretches  aloft  its  neck  and  gazes  an  instant  or  two  at  the  in- 
truder, then  with  a  splash  tumbles  into  the  water  and  burrows 
into  the  protective  mud  at  the  bottom.  A  few  bubbles  of  marsh 
gas  which  it  has  set  free,  rising  to  the  surface,  usually  betray  its 
resting  place. 

8.  Chelopus  guttatus  (Schneider).     Speckled  Tortoise. 

This  handsome  little  turtle  was  very  common  in  the  ditches 
putting  into  the  lake^  and  in  the  marsh  area  at  the  extreme 
northwestern  corner.  It  is  found  in  similar  localities  all  over  the 
northern  third  of  the  State. 

9.  Emys  MELEAGR18  (Shaw).     Blauding's  Tortoise. 

Two  specimens,  one  living,  the  other  dead,  of  this  rather 
scrarce  turtle  were  found  in  the  lagoon  or  marsh  adjoining  the 
western  end  of  the  south  basin.  Mr.  Hay  has  often  noted  them 
along  the  northern  margin  of  the  main  lake.  The  yellow  spots 
on  the  carapace  vary  much  in  size  and  number.  Several  speci- 
mens were  also  taken  from  ditches  along  the  roadside  about  four 
miles  northeast  of  the  lake.  It  occurs  sparingly  in  similar  locali- 
ties through  the  lake  region  of  the  State. 
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10.  OiSTUDO  CAROLINA  (L.).     Common  Box  Turtle. 

This  strictly  dry-land  species  has  been  frequently  noted  by 
Mr.  Hay  in  the  sandy  upland  woods,  bordering  the  lake  on  the 
north. 

Marl. — Little  if  any  mari  occurs  in  the  northern  lobe  of  Bass 
Lake.  A  few  traces  of  it  were  found  beneath  the  muck  along  the 
west  shore.  At  a  point  about  1,500  feet  west  and  500  feet  north  of 
the  steamer  landing  at  Winona  P.  0.  a  bed  of  mari  three  feet  thick 
underiies  about  20  acres  of  seven-foot  water. 

In  the  southern  basin  a  small  deposit  of  mari  was  found,  lying 
northwest  of  Lake  Park  Station.  It  is  estimated  to  cover  about  35 
acres.  The  greatest  depth  found  was  five  feet  in  four  feet  of  water 
at  200  to  300  feet  from  shore.  At  twice  that  distance  from  shore, 
still  in  four  feet  of  water,  the  marl  was  only  three  feet  thick.  The 
deposit  does  not  appear  to  run  much  if  any  east  of  the  long  pier  near 
the  ice  house,  and  thence  westward  a  quarter  of  a  mile  or  less.  The 
assistants  on  the  U.  S.  Fish  Commission,  while  making  soundings, 
found  also  a  small  bed  in  the  northern  half  of  the  same  basin,  but  its 
bounds  were  not  accurately  determined.  The  quality  of  the  marl  is 
not  of  the  best,  it  being  darker  than  the  average  and  in  places  more 
or  less  mixed  with  muck  or  sand. 

In  the  southeast  comer  of  section  11,  just  west  of  Bass  Lake, 
marl  was  found  in  a  large  dredged  ditch,  but  proved  on  examination 
to  have  a  thickness  of  only  one  foot,  with  five  feet  of  muck  overlying. 

LAKE  COUNTY. 
References — 

1897. — W.  S.  Rlatchley,  Twenty-second  Ann.  Rep.  Dep.  Geol.  and 
Nat.  Resour.  of  Indiana,  p.  25. 

The  report  above  cited  contains  an  extended  paper  giving  in  detail 
the  facts  relative  to  the  topography  and  geology  of  Lake  County. 
To  it  the  reader  is  referred  for  the  general  information  which  in  the 
present  paper  it  has  been  customary  to  give  under  the  county  head- 
ing. Tliere  is  but  one  lake  of  any  size  in  the  county,  namely.  Cedar 
Lake,  described  below. 

CEDAR  LAKE. 

Not  a  Workable  Deposit. 

Cedar  Lake,  or  "Lake  of  the  Red  Cedars,"  is  located  in  parts  of 
sections  22,  23,  26,  27,  34  and  35  (34  north,  9  west),  on  the  line  be- 
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tween  Center  and  Hanover  townships,  about  four  miles  southwest  of 
Crown  Point.  Its  general  outline  somewhat  resembles  that  of  a  kid- 
ney. Its  length  is  about  two  and  one-eighth  miles  and  its  greatest 
breadth  a  little  more  than  three-quarters  of  a  mile.  Its  water  area, 
as  computed  by  Thomas  Large,*  is  at  present  about  1.17  square  miles. 

Cedar  Lake  owes  its  origin  to  the  irregular  deposition  of  the  sur- 
rounding drift.  On  all  sides,  except  the  south,  it  is  embraced  by 
wooded  ridges  of  sand  or  clay,  those  to  the  north  rising  60  feet  above 
the  level  of  its  waters.  Between  these  ridges,  on  the  southern  slope 
of  the  moraine,  a  long,  low  valley  was  left  by  the  retreating  ice  sheet. 
Tlie  bottom  of  this  valley  was  covered  with  an  impervious  stratum  of 
clay.  In  its  depression  collected  the  waters  of  the  melting  glacier, 
and  the  lake  resulted.  Its  waters  once  covered  all  the  low,  marshy 
land  to  the  southward  and  overflowed  the  lowest  part  of  the  rim  of 
its  basin  toward  the  Kankakee.  At  that  time  they  covered  the 
present  shores  as  far  as  the  foot  of  the  ridges  on  the  east  and  north, 
and  were  probably  40  feet  deep  in  places.  Now  they  nowhere  exceed 
20  feet  in  depth.  Within  the  memory  of  man  they  have  receded  from 
50  to  90  feet  from  the  former  margins. 

The  principal  cause  of  this  recession  was  artificial  drainage.  To 
reclaim  200  acres  of  comparatively  worthless  marsh  land — ^at  its 
southern  end —  a  ditch  was  cut  pn  its  eastern  side  which  lowered  the 
level  of  the  water  from  eight  to  12  feet.  This  outlet  is  the  present 
source  of  Cedar  Creek,  which  flows  southward  through  the  town  of 
Lowell  and  empties  into  the  Singleton  ditch. 

Thick  beds  of  muck  and  black  mud  along  the  southern  and  western 
marpns  produce*  a  luxuriant  growth  of  water  vegetation  which  each 
year  decays  and  adds  to  the  thickness  of  the  slowly  rising  bottom. 
Again,  situated  as  it  is  so  near  the  crest  of  the  moraine,  the  area 
from  which  the  lake  draws  its  supply  of  water  is  very  limited,  being 
])ut  a  few  square  miles  in  extent.  At  present  the  season's  evaporation 
is,  probably,  almost  as  great  as  the  supply.  For  these  causes  the  area 
and  depth  of  the  lake  have  for  years  been  slowly  diminishing  and  will 
continue*  to  diminish  until  it  wholly  disappears. 

Within  the  past  10  years  many  cottages  have  been  erected  on  the 
wooded  ridges  about  Cedar  Lake.  The  C,  I.  &  L.  (Monon)  Rail- 
way, which  runs  along  its  western  border,  has  possessed  itself  of  the 
hi^h  wooded  ridge  on  that  side  and  has  transformed  it  into  a  so- 
called  park.     Thousands  of  visitors  are  each  season  brought  from 


"^See  Proo.  Ind.  Acnd.Soi.,  1896,  pp.  299-301.  The  accompanying  map  of  Cedar  Lake  was 
also  drawn  by  Mr.  Large  and  pabliahed  in  the  Proceedings  of  the  Academy,  loc.  cit.  By 
permission  it  is  reproduced  in  this  connection. 
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Chicago  and  from  the  cities  to  the  southward.  The  quiet  beauty  and 
repose  which  for  centuries  existed  along  the  margins  of  the  lake  have 
forever  disappeared.  In  their  stead  have  sprung  up  those  artificial 
surroundings  which  the  ever  increasing  wants  of  the  Twentieth  Cen- 
tury seeker  after  pleasure  demand  and  eventually  secure. 

Marl. — No  sign  of  marl  was  found  in  this  lake.  Sand  only  occurs 
along  the  east  and  west  sides,  in  places  running  into  sandy  muck. 
At  the  south  end  the  bottom  is  a  stiff,  blue  clay,  with  a  foot  of  muck 
over  it.  Tests  made  in  the  marsh  one-quarter  of  a  mile  south  of  the 
ice  houses  showed  one  to  four  feet  of  muck  over  blue  mud. 


MINOR  DEPOSITS  OF  MARL. 

A  large  number  of  deposits  of  marl,  not  mentioned  on  the  pre- 
ceding pages,  occur  in  various  parts  of  northern  Indiana.  They  are 
too  small  to  develop  for  cement  making,  but  might  be  utilized  for 
some  of  the  other  purposes  given  in  the  list  of  uses.  For  the  most 
part  they  occur  in  marshes  and  are  usually  overlain  by  muck  of  vary- 
ing thickness.  Information  concerning,  and  samples  from,  a  number 
of  them  have  been  received  by  this  Department,  but  lack  of  time  for- 
bade a  personal  investigation  of  but  two  or  three,  l^iose  concerning 
which  we  have  information  deemed  worthy  of  publication  are  as 
follows: 

Neau  f^RiGirroN,  Lacrangk  County. — Mr.  Chas.  N.  Libey,  of 
Brighton,  wrote  that  he  had  40  acres  of  marsh  marl  and  that  there 
was  cnougli  adjoining  to  make,  perhaps,  100  acres  in  all.  It  had 
been  examined  to  some  extent  by  parties  wishing  to  purchase  marl 
lands.  They  reported  the  bed  to  run  from  seven  to  25  feet  in 
thickness. 

Nkar  Nafpankk,  Klkhart  County. — Samples  excellent  in  qual- 
ity were  received  from  George  Meeker.  He  reports  it  as  outcropping 
for  a  distance  of  one-fourth  of  a  mile  or  more  in  the  bed  of  a  small 
crook  and  thon  disappearing  beneath  the  nmck.  At  one  plaoe  there 
is  exposed  a  bank  or  face  surface  of  the  marl  more  than  four  feet 
in  thickness.  No  tests  were  reported  as  to  its  actual  thickness  in 
the  bed  of  the  creek.  The  muck  over  the  marl  along  the  bank  is 
about  two  feet  thick.  Mr.  Meeker  adds:  "From  the  lay  of  the  land 
I  would  think  there  are  several  hundred  acres  of  this  material,  but 
this  is  only  guesswork." 

Twelve  Miles  Northwest  of  South  Bend. — This  deposit  is  in 
Michigan,  just  north  of  the  Indiana  lino,  in  the  northeast  quarter 
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section  16  (18  west,  8  south).  It  is  in  a  marsh,  the  bed  of  an  extinct 
lake,  on  the  land  of  John  Curran,  two  miles  south  of  the  Michigan 
Division  of  the  "Three  I"  Railway.  There  are  probably  40  acres 
underlain  by  marl  which  varies  between  two  and  21+  feet  in  thick- 
ness. In  places  it  comes  to  the  surface,  but  it  is  mostly  overlain 
with  a  thick  deposit  of  muck.  The  marl  is  of  good  quality,  as  is 
evinced  by  the  following  chemical  analysis  made  for  Mr.  Curran  by 
Prof.  Frank  S.  Kedzie,  Agricultural  College,  Michigan: 

Calcium  carbonate  (CaCO,) 89.63 

Magnesium  carbonate  (MgCO,) 2.12 

Iron  and  aluminum  oxides 62 

Insoluble  matter  (mostly  clay) 42 

Organic  and  undetermined  matter  (alkalies,  etc.) 7.55 

Total  100.35 

Near  Wellsboro,  Laporte  County. — ^Mr.  Othie  Way,  of  Wells- 
boro,  sent  samples  of  good  quality,  accompanied  by  the  following  in- 
formation: The  deposit  is  beneath  a  marsh  on  his  farm,  nine  miles 
south  of  Laporte  and  less  than  a  mile  east  of  Wellsboro.  It  covers 
an  area  of  55  to  60  acres  by  the  side  of  the  Grand  Trunk  RaUway. 
Muck  running  from  two  to  three  feet  in  thickness  overlies  the  marl. 
The  latter  is  known  to  be  eight  feet  in  thickness  in  places,  but  neither 
its  maximum  nor  average  thickness  has  been  determined. 

Near  Patton,  White  County. — A  small  deposit  occurs  on  the 
land  of  A.  A.  McKain,  one-half  mile  west  of  Patton,  near  the  C,  I. 
&  L.  (Monon)  Railway.  It  is  less  than  10  acres  in  size,  is  covered  with 
two  feet  of  muck,  and  averages  six  feet  in  thickness. 

Near  Peru,  Miami  County. — A  deposit  of  undetermined  area 
occurs  four  miles  southwest  of  Peru  on  the  land  of  Milton  Shirk. 
The  Wabash  Railway  runs  through  this  deposit.  The  marl  is  of  good 
quality  and  is  known  to  be  over  four  feet  in  thickness  in  a  number  of 
places,  with  two  to  three  feet  of  earth  overlying. 

Another  marsh  deposit  overlain  by  muck  occurs  just  west  of  the 
Catholic  cemetery  and  north  of  the  driving  park  at  Peru.  It  is  on  the 
land  of  Kdward  Riley  and  lies  alongside  the  Wabash  Railway.  It  is 
said  to  run  from  nine  to  12  feet  in  thickness  and  to  range  in  color 
from  almost  pure  white  to  dark  gray. 

Nkar  Adamsboro,  Cass  County. — A  deposit  of  some  size  occurs 
near  Spring  Creek,  on  the  land  of  Mac.  Colgan.  It  underlies  an  area 
of  more  than  40  acres  and  is  covered  with  muck  or  soil  to  a  depth 
of  two  to  four  feet.  At  one  place  on  the  bank  of  the  creek  it  shows 
a  face  of  nearly  six  feet,  and  in  another  place  more  than  four  feet. 
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Near  Forest,  Clinton  County. — Prof.  J.  W.  Hadley  sent  in 
samples  of  a  good  quality  of  marl.  He  stated  that  it  had  been  found 
in  three  dilTerent  localities  within  less  than  two  miles  of  Forest. 
The  area  of  the  different  beds  was  not  determined.  They  are  from 
two  to  four  feet  below  the  surface  and  range  from  18  inches  to  10 
feet  in  thickness. 

Near  Bloomingport,  Randolph  County. — Samples  were  sent  in 
by  C.  S.  Hunt,  who  reports  that  the  deposit  occurs  to  quite  a  depth  in 
the  bottom  of  an  old  pond  of  large  size.  It  is  overlain  by  muck,  two 
feet  in  thickness.  Mr.  Hunt  also  states:  "I  have  used  the  marl  as  a 
polish  on  different  metals  and  find  it  equal  to  any  polish  on  the 
market." 

Near  Clinton,  A^ermillton  County. — An  examination  of  this 
deposit  was  made  by  Mr.  J.  W.  Robb,  of  Clinton,  who  reported  it  to 
cover  about  three  acres,  and  running  from  18  inches  to  three  feet  in 
thickness,  with  six  to  18  inches  of  muck  overlying.  The  samples 
sent  in  were  of  lirst-class  quality. 

Samples  of  marl  varying  in  quality  are  also  in  the  State  collection 
from  the  following  points,  but  no  data  is  at  hand  regarding  the  area 
and  thickness  of  the  deposits: 

From  a  point  two  and  a  half  miles  south  of  Oxford,  Benton  County; 
from  the  land  of  Roeske  Bros.,  near  Michigan  City,  Tnd.;  from  the 
land  of  Dr.  Chenowerth,  near  Winchester,  Ind.,  and  from  the  land  of 
Hon.  J.  C.  Stevens,  near  Centerville,  Ind. 

(JiiKMiCAL  Analyses  of  Indiana  Marls. — In  the  table  below 
given  are  included  the  marl  analyses  which  are  scattered  through  the 
fonjgoing  pages.  They  arc;  given  here*  in  tabular  form  for  ready  ref- 
erence and  compiirison.  The  large  majority  of  these  analyses  were 
made  exjiressly  for  this  report  by  the  cliemist  of  this  Department, 
Dr.  W.  A.  Xoves,  of  the  Bose  Polvtechnic  Institute,  Terre  Haute, 
Ind.  The  nietliod  of  analysis  as  furnished  by  him  is  as  follows: 
**The  marls  were  dissolved  in  warm  dilute  hydrochloric  acid.  The 
solution  was  fillercd  on  an  asbestos  ((looch)  filter,  and  the  residue 
dried  at  10.")°.  The  loss  of  this  residue  on  ignition  was  counted  as 
organic  matter.  The  incombustible  residue  is  recorded  as  the  *in- 
soluble  portion.'  1'he  *^alumina'  and  ^ferric  oxide'  given  comprise 
only  that  portion  of  these  substances  Avhich  passed  into  solution  in 
dilute  hydrochloric  acid.  The  ferric  oxide  probably  represents  fer- 
rous carbonate  in  the  marl.  All  determinations  are  based  on  the  ma- 
terial dried  at  135°." 
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OOUTE  AND  OOUTIC  STONE  FOR  PORTLAND 

CEMENT  MANUFACTURE. 


By  W.  S.  Blatchlky. 


As  mentioned  on  a  preceding  page,  the  carbonate  of  lime  used  in 
making  l^ortland  cement  can  be  either  a  marl  or  a  limestone.  There 
are  in  Indiana  vast  beds  of  limestone  which  possess  the  chemical 
purity  and  physical  conditions  necessary  for  making  such  cement. 
Practical  tests  in  which  they  have  been  used  as  the  carbonate  of  lime 
ingredient  show  the  resulting  cement  to  be  superior  to  that  in  which 
marl  was  the  source  of  the  lime. 

The  process  of  manufacture  where  limestone  is  used  is  in  general 
simihir  to  that  already  described  with  the  exception  that  the  lime- 
stone has  to  be  crushed  and  ground  very  fine  before  it  is  mixed  with 
the  clay.  The  Indiana  limestones  are  soft  and  easily  crushed  and 
ground  when  first  quarried,  but  harden  on  exposure.  Tlie  necessary 
labor  and  expense  of  grinding  is  therefore  much  less  when  the  stone 
is  immediatelv  used. 

Oolite. — In  Crawford  and  Harrison  counties,  notably  near  Mill- 
town  and  Marengo,  are  extensive  deposits  of  the  purest  limestone  in 
Indiana.  It  is  a  true  oolite,  consisting  of  minute  concretionary 
spherical  masses  which  resemble  closely  the  petrified  eggs  of  fish. 
These  are  cemented  together  in  a  firm  white  mass,  forming  the 
stratum  of  stone.  In  Kichol's  quarry  at  Milltown  the  stratum  as  ex- 
posed is  1.*^  feet  thick  and  more  than  1,500  feet  in  length  when  it 
disa|>pears  in  the  bluffs  of  Blue  liiver.  The  complete  section  at  the 
(juarry  is  as  follows.  No.  16  being  the  oolite  in  question: 

Section  at  Eichol's  Quarry  on  Northeast  Side  of  Blue  River,  Oppomtb 

Milltown. 

Ft.  Jn, 

1.  Slope    mostly    hidden    by    sandstone   debris,    probably    all 

sandstone    24 

2.  Seml-crystalllne.  seuii-oolitic  pray  limestone,  with  fossils..     4 

3.  Lij^ht  gray  oolitic  limestone,  with  pentremlte  bed  at  top 15 

4.  Hard  buff  sub-crystalline  limestone 3 

5.  Hidden 4 

(322) 
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Ft,  In 

0.    Crystalline  brownish-gray  limestone 1 

7.  Covered  8 

8.  Lithographic   limestone 3 

9.  Light  gray  crystalline  limestone 20 

10.  Covered    (limestone?) 25 

11.  Bluish-gray  lithographic  limestone,  buff  in  spots 7 

12.  Bluish  calcareous  shale 15 

13.  Sub-lithographic  light  drab  limestone,  with  fine  quartz  sand, 

mustard-seed  size.    Some  cross  bedding  toward  top 12 

14.  Light  grayish-buff  colored  limestone 9 

15.  Buff,  rnther  soft  magnesian  (?)  limestone 5 

16.  Oolite,  white  to  gray,  oolitic  structure  imperfect  locally. ...  13 

17.  Hard  bluish  gray,  sub-crystalline  to  sub-oolitic r>  8 

18.  Bluish  green  shale 2 

19.  Light  gray  granular  limestone,  with  a  crowfoot  near  the 

middle  and  with  occasional  green  blotches 5 

20.  Shale    parting 1 

21.  Light  gray  sub-crystalline— sub-oolitic  limestone 3  9 

22.  Shale  and  lithographic  limestone  intercalated 24 

23.  Drab  colored  lithographic  limestone,  with  irregular  calcite 

band  near  the  middle 3 

24.  Gray  crystalline  limestone 2  6 

25.  Lithographic  limestone  with  flint  bands  and  flint  concre- 

tions        7 

Floor  of  quarry  about  10  feet  above  low  water  in  Blue  River. 
An  analysis  by  Dr.  Noyes  of  an  average  sample  of  tbe  oolite  sbows 
lis  percentage  composition  to  be  as  follows: 

Calcium   carbonate   (CaCO,) 98.91 

Magnesium  carbonate  (MgCO,) 0.03 

Ferric  oxide  and  alumina  (PeaOj+AljOj) 0.15 

Insoluble  in  hydrochloric  acid 0.48 

Total   100.17 

Tbe  analysis  sbows  the  oolite  to  run  from  one  to  tbroe  per  cent, 
bigber  in  carbonate  of  lime  tban  the  better  grades  of  Indiana  oolitic 
limestone  from  Lawrence  and  Monroe  counties.  It  is  softer  and 
therefore  more  easily  reduced  to  a  fine  ]>owder.  At  both  Milltown 
and  Marengo  switches  from  the  St.  Louis  Division  of  the  Southern 
Railway  are  already  in  place.  At  Milltown  Blue  River  can  be  easily 
dammed  and  cheap  and  permanent  water-power  thereby  be  obtained. 
The  river  at  that  point  is  about  225  feet  wide,  and  between  there 
and  ils  mouth  at  the  Ohio  River,  the  fall  is  89  feet,  or  about  seven 
and  a  half  feet  to  the  mile. 
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In  my  report  for  1899  I  called  attention  to  this  deposit  of  oolite 
at  Milltown,  and  its  value  as  a  Portland  cement  ingredient.  A  num- 
ber of  capitalists  were  afterward,  by  letter  and  in  person,  given  full 
information  concerning  it.  Finally  some  gentlemen  from  Cleveland 
and  Detroit,  who  had  called  upon  me  for  informauon  relative  to 
marl  deposits,  were  induced  to  investigate  it  and  were  so  pleased  with 
both  the  quality  and  quantity  of  the  material  that  they  at  once 
organized  a  company  and  secured  possession  of  the  more  available 
portion.  The  same  company — The  Indiana  Portland  Cement  Com- 
pany— also  secured  the  marl  in  and  about  Dcwart  and  Milford  lakes, 
Kosciusko  County,  and  are  now  engaged  in  raising  the  capital  to 
construct  large  plants  at  both  places.  The  one  at  Milltown — utiliz- 
ing the  oolite — will  be  the  sooner  completed,  the  chances  being  that 
it  will  be  well  under  way  by  the  close  of  the  year  1901.  The  company 
has  had  an  analysis  made  showing  the  average  composition  of  six 
limestones  from  the  face  of  the  Milltown  quarry,  one  of  which  was 
the  oolite.    The  result  of  this  analvsis  was  as  follows: 

Calcium  carbonate  (CaCO,)  96.87 

Mapmesium  carbonate  (MgCO,) 1.19 

Silica  (SiO,)   51 

Alumina  (Al.O,) 37 

Total 98.94 

This  analysis  proves  that  the  greater  portion  of  the  face  of  the 
cliff  is  well  suited  for  the  making  of  cement,  the  carbonate  of  lime 
being  from  three  to  four  per  cent,  higher  than  in  the  better  grades 
of  marl.  The  only  difficulty  arises  in  the  proper  grinding  of  the  hard 
crystalline  limestones,  but  the  company  has  assurance  that  this  can 
be  readily  and  cheaply  done. 

A  section  of  the  quarry  face  at  Marengo  is  as  follows: 

SkOTION   of   (^ITARRY   AT   MaRBNGO,    InD. 

Ft.  In. 

1 .  Surface  clay 1  to  5 

2.  Hard  jrray  sub-oolitic  limestone 4  6 

',\.    Hard  light  bluish-ffray  sub-oolitic  limestone 5 

4.  (Jray  snb-litliofrraphic  to  sub-oolitic  limestone  in  0  to  30-in. 

strata   6 

5.  Bulf  limestone,  hard  to  rather  soft 4  6 

G.    Coarse  crystalline  gray  limestone,  oolitic  in  places G 

7.  Dark  grray  lithographic  limestone 3  to  5 

8.  Pure  white  to  lipht  gray  oolitic  limestone 2  to  4 

9.  Buff  limestone,  very  hard  to  rather  soft 5  6 

10.    Dark  bluish-gray  lithographic  limestone,  irregular  in  layers 

and  texture 6  0 
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These  deposits  of  oolite,  lying  as  they  do  in  proximity  to  the  coal 
fields  of  Dubois,  Warrick  and  Pike  counties,  and  also  close  to  exten- 
sive beds  of  clay  and  shale,  oflfer  most  excellent  investments  to  cap- 
italists in  search  of  good  sites  for  Portland  cement  manufacture. 

Oolitic  Limestone. — Chemical  analyses  and  numerous  practical 
tests  show  that  the  Indiana  oolitic  limestone  is  in  every  way  suit- 
able for  the  making  of  a  superior  grade  of  Portland  cement.  This 
stone  is  found  in  a  strip  of  territory  from  two  to  fourteen  miles  in 
width  which  extends  from  Greencastle,  Putnam  County,  to  the  Ohio 
River.  It  occurs  in  a  stratum  vaiying  from  a  few  feet  to  nearly  one 
hundred  feet  in  thickness.  The  principal  quarries  axe  located  near 
Romona,  Owen  Coimty;  Stinesville,  Ellettsville,  Bloomington  and 
Sanders,  Monroe  County;  Oolitic,  Dark  Hollow  and  Bedford,  Law- 
rence County;  Salem,  Washington  County,  and  Corydon,  Harrison 
County. 

Few  limestones  are  more  accessible  than  the  Indiana  oolitic  lime- 
stone. Occurring  as  it  does  in  an  almost  horizontal  position,  it  out- 
crops over  a  comparatively  large  area,  with  either  no  covering  at  all 
or  one  so  light  that  it  can  easily  be  removed.  The  map  of  the  area 
prepared  for  the  Twenty-first  Report  of  this  Department  shows  the 
total  length  of  the  outcrop  in  Owen,  Monroe  and  Lawrence  counties 
to  be  not  less  than  1,600  miles.  The  C,  I.  &  L.  (Monon)  Railway 
traverses  the  area  from  north  to  south  over  all  the  productive  part, 
and  there  are  also  three  east-west  railroads  and  a  short  line  known 
as  the  "Belt,"  which  serves  to  connect  many  quarries  around  Bed- 
ford with  the  other  roads.  There  are  also  short  branch  roads,  making 
switch  connections  with  one  or  more  of  these  roads,  running  into  each 
of  the  quarries. 

The  oolitic  stone  is  a  granular  limestone,  or  calcareous  sand  rock 
in  which  both  grains  and  cementing  principle  are  carbonate  of  lime. 
In  the  common  sandstones  of  the  State  the  grains  are  hard  and 
nearly  angular.  In  the  oolitic  stone  they  are  always  soft  and  either 
round  or  rounded,  and  the  cement  is  harder  than  the  grains.  In  color 
the  stone  is  either  buff  or  blue.  Its  specific  gravity  is  about  2.47, 
and  its  weight  about  152  pounds  per  cubic  foot. 

Chemical  analyses  show  the  Indiana  oolitic  stone  to  be  a  lime  car- 
bonate of  remarkable  uniformity  and  purity.  No  other  stone  in  the 
United  States  shows  such  a  uniformity  of  composition  over  so  large 
an  area.  The  following  analyses  made  in  the  past,  mostly  by  the 
chemists  of  this  Department,  show  accurately  its  percentage  com- 
position: 
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From  the  table  it  will  be  seen  that  the  percentage  of  carbonate  of 
lime  varies  between  95  per  cent,  and  98.27  per  cent.,  a  variation  of 
but  little  more  than  three  per  cent,  in  16  different  samples  from 
widely  separated  localities,  varying  from  Bomona  on  the  north  to 
near  the  Ohio  River  on  the  south. 

The  percentage  of  magnesium  carbonate  is  less  than  one  per  cent, 
in  all  the  specimens  except  two  from  Big  Creek,  and  there  is  a  pos- 
sibility in  that  case  that  the  greater  quantity  may  be  due  to  error 
in  analysis. 

The  insoluble  residue  which  includes  the  silica,  insoluble  silicates, 
and  organic  matter,  averages  less  than  one  per  cent.,  never  as  high 
as  two  per  cent.,  and  only  four  running  over  one  per  cent.  The  iron 
and  alumina  combined  average  less  than  one  per  cent.  The  alkalies 
form  a  mere  trifle.  The  last  column,  headed  "water,"  in  the  two 
analyses,  where  it  shows  more  than  half  of  one  per  cent.,  includes 
water  and  loss  on  ignition.  Probably  the  greater  part  in  each  is  due 
to  the  unavoidable  errors  of  analysis.  Thus,  from  the  standpoint  of 
purity,  the  stone  is  all  that  could  be  desired,  only  the  purest  marbles 
and  oolite  giving  a  higher  percentage  of  lime  carbonate. 

It  seems  strange  that  Indiana  capital  has  not  hitherto  been  in- 
vested in  the  manufacture  of  Portland  cement  from  oolitic  lime- 
stone. Dr.  J.  Gardner  of  Bedford,  and  others,  had  tests  made  three 
years  and  more  ago  which  proved  the  fitness  of  the  stone  for  such  pur- 
pose. Samples  of  stone  from  the  vicinity  of  Bedford,  with  copies 
of  their  analyses,  were  later  sent  by  this  Department  to  Aman 
Moore,  then  in  charge  of  the  South  Bend  cement  factory.  Under 
date  of  July  7,  1898,  Mr.  Moore  wrote:  "I  have  carefully  examined 
the  oolitic  stone  with  regard  to  its  physical  properties,  etc.  Since 
the  analyses  show  that  it  contains  97+  per  cent,  of  carbonate  of  lime 
it  can  certainly  be  utilized  in  the  manufacture  of  Portland  cement, 
providing  a  suitable  clay  can  be  had  at  a  reasonable  price.  The  lime- 
stone is  exceptionally  good,  and  with  a  good  and  cheap  clay,  cheap 
fuel  and  good  freight  rates,  by  constructing  a  modem  plant,  equipped 
with  the  best  machinery  for  the  business,  a  large  and  paying  industry 
could  be  built  up  in  the  region  from  whence  the  stone  was  obtained. 
^Pwenty-five  thousand  dollars  would  construct  a  plant  that  would 
turn  out  a  capacity  of  150  barrels  per  day  at  a  cost  of  from  50  to  60 
cents  per  barrel,  and  which,  at  the  present  price  of  Portland  cement, 
would  net  $1.85  at  the  factory." 

The  statement  that  the.  oolitic  limestone  would  make  excellent 
cement  was  given  wide  circulation,  both  in  the  newspapers  and  in 
the  reports  of  this  Department,  yet  none  of  our  local  capitalists  cared 
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to  interest  themselves  in  the  matter.  They  acted  in  this  as  they  have 
in  regard  to  most  of  the  other  great  resources  of  Indiana.  These  are 
being  developed  at  the  rate  of  nearly  twenty  millions  of  dollars  yearly, 
yet  much  of  the  capital  which  is  bringing  about  this  development  is 
owned  by  parties  outside  of  the  State.  They  reap  the  benefits;  they 
pocket  the  profits.  The  people  of  Indiana,  with  hundreds  of  thou- 
sands of  dollars  of  capital  lying  idle,  are,  for  the  most  part,  reluctant 
to  invest  in  the  resources  of  their  State.  They  stand  by  and  see  our 
thickest  coal  veins,  our  greatest  clay  factories,  our  largest  stone  quar- 
ries, the  majority  of  our  oil  wells,  and  the  greater  part  of  our  natural 
gas  property  owned  and  operated  by  foreign  capital. 

A  few  millions  of  dollars  are  invested  in  developing  these  resources 
and  pay  taxes  into  our  treasuries,  but  the  profits,  aggregating  far 
greater  sums,  go  into  the  coffers  of  non-resident  owners.  Were  Indi- 
ana capital  invested,  both  capital  and  profits  would  remain  in  the 
State,  and  the  wealth  upon  which  taxes  are  based  would  increase  in 
much  greater  propori;ion. 

In  1900  the  Bedford  Pori;land  Cement  Co.  was  organized  by  gen- 
tlemen from  Minnesota  and  Michigan,  to  whom  information  concern- 
ing the  fitness  of  the  oolitic  stone  for  cement  purposes  had  been  fur- 
nished by  the  writer.  They  purchased  a  large  tract  of  land  near 
Bedford  upon  which  occurs  oolitic  stone,  common  clay  and  kaolin  in 
quantity.  Samples  of  these  materials  were  sent  to  Dr.  A.  W.  Smith, 
chemist  at  the  Case  School  of  Applied  Science  at  Cleveland,  Ohio, 
for  analyses,  which  resulted  as  follows: 

ANALYSES  OF  OOLITIC  LIMESTONE   FROM    LAND  OF   BEDFORD   PORTLAND  CEMENT  CO. 

Calcium  carbonate  (CaCO,) 97.48 

Magnesia   (MgO) 0.61 

Iron  oxide  (FejO,) 0.13 

Alumina    (A1,0,) 1.27 

Water  (H,0) 0.15 

Total   99.64 

ANALYSIS  OF  COMMON   CLAY. 

Silica    (SIO.) 74.29 

Alumina    (A1,0,) 12.06 

Iron  oxide  (FCaO,) 4.92 

Lime  (CaO) 0.41 

Magnesia   (MgO) 0.68 

Potash    (K,0) 0.76 

Soda    (Na,0) 1.80 

Total  94;92 


OOLITE  AND  OOLITIO  STONES.  829 

ANALYSIS  OF  KAOLIN. 

SlUca    (SIO,) 43.65 

Alumina    (A1,0,) 36.26 

Iron  oxide  (Fe,0,) 2.66 

Total  82.46 

Quantities  of  the  materials  were  also  sent  to  S.  B.  Newberry,  Su- 
])crintendent  of  the  Sandusky  Portland  Cement  Co.,  Sandusky,  Ohio, 
ill  order  that  he  could  determine  by  practical  experiments  their  fit- 
ness for  cement  making.    In  due  time  he  made  his  report  as  follows:* 

Sandu.'^ky  Portland  Ckment  Co.,  General  Office  and  Works. 

Sandusky,  Ohio,  May  28,  1900. 
C  A,  NimockAy  Fsq.j  MinneapoliSj  Minn.  : 

Dear  Sir— As  instructed  by  you  I  have  made  practical  tests  of  the 
limestone  and  clay  sent  me  at  your  request  by  Dr.  J.  Gardner,  of  Bed- 
ford, Ind.,  from  the  land  of  the  Bedford  Portland  Cement  Company,  and 
respectfully  submit  the  following  report  on  the  suitability  of  these  ma- 
terials for  the  manufacture  of  Portland  cement: 

The  samples  received  consisted  of  a  soft  gray  limestone,  a  red  clay 
and  specimens  of  impure  kaolin. 

I  have  examined  the  analyses  made  by  Dr.  A.  W.  Smith,  of  these  ma- 
terials, and  I  have  not  considered  it  necessary  to  repeat  his  analyses,  but 
have  confined  my  work  to  practical  tests  of  the  material,  and  tests  and 
analysis  of  the  resulting  cement 

The  limestone  and  clay  were  crushed  to  such  fineness  as  to  pass  a 
No.  20  sieve,  and  the  mixture  ground  with  40  per  cent,  of  water,  until 
the  mixture,  on  washing  through  a  sieve  of  200  meshes  to  the  linear  inch, 
left  scarcely  any  residue.  The  mixture  was  then  dried  and  burned  and  a 
well  sintered  clinker  resulted,  which  on  grinding  gave  a  cement  of  a  light 
gray  color,  slow  setting,  sound  in  both  cold  and  hot  tests  and  of  extra- 
ordinary tensile  strength.  The  following  are  the  results  obtained  in  testing 
this  cement: 

Cold  pat  test,  7  days,  sound;  28  days,  sound. 
Hot  test,  5  hours  in  steam,  19  hours  in  boiling  water,  sound. 
Tensile  strength,  neat  7  days,  713-740;  28  days,  870-935. 
Tensile  strength  with  three  parts  standard  sand,  7  days,  415-490; 
28  days,  536-585. 

These  tests  show  the  cement  to  be  of  the  highest  quality  and  at  least  equal 
to  any  Portland  cement  manufactured  in  this  country  or  in  Europe, 


'Prospectus  of  the  Bedford  Portland  Cement  Co.,  of  Bedford,  Ind.,  p.  4. 
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An  analysis  of  this  cement  gave  the  following  results: 

Silica    (SiO,) 21.8i) 

Alumina    (Al^Oa) 5.46 

Iron  oxide  (Fe,Oa) 3.02 

Lime  (CaO) 64.52 

Magnesia   (MgO) 0.84 

Loss  on  ignition 3.12 

Total 98.84 

This  analysis  shows  the  cement  to  have  a  very  satisfactory  composi- 
tion. The  alumina  is  a  little  lower  than  in  most  commercial  cements, 
but  will  be  all  the  better  in  respect  of  hardening  qualities  and  durability 
on  this  account.  Yours  very  truly, 

S.  B.  NEWBERRY. 

There  are  thousands  of  acres  in  Monroe  and  Lawrence  countiefe 
which  contain  materials  as  good  as  those  furnished  Mr.  Newherry 
for  the  experimental  tests  above  reported  upon.  Millions  of  tons 
of  spalls  and  refuse  pieces  of  the  oolitic  stone,  unfit  for  building  pur- 
poses but  in  every  way  suited  for  cement  manufacture,  are  thrown 
aside  yearly  from  the  leading  quarries.  The  stone,  when  first  quar- 
ried, is  soft,  and  much  more  easily  ground  than  is  generally  supposed. 
Lying,  as  it  docs,  adjacent  to  fuel,  the  shales  and  other  clays  of  the 
coal-bearing  counties  to  the  westward,  there  is  no  good  reason  why 
this  oolitic  stone  region  should  not  become  the  center  of  the  Portland 
cement  industry  in  Indiana. 
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whoUy  within  the  shell  in  a  manner  similar  to  the  common  dry 
land  box-turtle,  Cistudo  Carolina  (L.).  The  food  of  the  mud 
turtle  consists  of  small  fish,  insects,  moUusks,  leeches,  and  other 
small  water  and  mud  inhabiting  animals.  This  species  is  rather 
scarce  in  Indiana,  having  been  recorded  heretofore  only  from 
Knox  and  Vigo  counties. 

6    PsEUDEMYS  ELEQAN8  (Wied.).     Elegant  Terrapin. 

As  the  specific  name  implies,  this  is  one  of  the  most  handsome 
of  the  fresh  water  turtles.  In  Bass  Lake  it  is  quite  frequent 
and  reaches  a  large  size,  two  which  were  captured  by  Mr.  Hay, 
being  respectively  10  and  11  inches  in  length.  They  were  taken 
after  night  while  moving  rapidly  along  the  bottom  of  the  shallow 
water.  It  has  been  reported  from  no  other  lake  in  the  State,  but 
has  been  taken  in  the  Tippecanoe  River  near  Winamac,  and  in 
the  Wabash  at  New  Harmony;  also  by  the  writer  in  a  large  pond 
in  Vigo  County. 

7.  Chrysemys  maroinata  (Agas.).     Lady  Turtle. 

Abundant,  especially  in  bays  and  coves  among  the  masses  of 
spatterdock  and  white  water  lilies.  Here  on  warm  sunny  days 
it  may  be  seen  by  dozens  lying  upon  any  object  large  enough  to 
bear  its  weight,  basking  in  the  sunlight.  When  approached  it 
■  stretches  aloft  its  neck  and  gazes  an  instant  or  two  at  the  in- 
truder, then  with  a  splash  tumbles  into  the  water  and  burrows 
into  the  protective  mud  at  the  bottom.  A  few  bubbles  of  marsh 
gas  which  it  has  set  free,  rising  to  the  surface,  usually  betray  its 
resting  place. 

8.  Chelopus  guttatus  (Schneider).     Speckled  Tortoise. 

This  handsome  little  turtle  was  very  common  in  the  ditches 
putting  into  the  lake,  and  in  the  marsh  area  at  the  extreme 
northwestern  corner.  It  is  found  in  similar  localities  all  over  the 
northern  third  of  the  State. 

9.  Emys  MEf-EAGRiB  (Shaw).     Blanding* 8  Tortoise. 

Two  specimens,  one  living,  the  other  dead,  of  this  rather 
8(^arce  turtle  were  found  in  the  lagoon  or  marsh  adjoining  the 
western  end  of  the  south  basin.  Mr.  Hay  has  often  noted  them 
along  the  northern  margin  of  tlie  main  lake.  The  yellow  spots 
on  the  carapace  vary  much  in  size  and  number.  Several  speci- 
mens were  also  taken  from  ditches  along  the  roadside  about  four 
miles  northeast  of  the  lake.  It  occurs  sparingly  in  similar  locali- 
ties through  the  lake  region  of  the  State. 
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10.  CiSTUDO  CAROLINA  (L.).     CommoD  Box  Turtle. 

This  strictly  dry-land  species  has  been  frequently  noted  by 
Mr.  Hay  in  the  sandy  upland  woods,  bordering  the  lake  on  the 
north. 

Marl. — Little  if  any  marl  occurs  in  the  northern  lobe  of  Bass 
Lake.  A  few  traces  of  it  were  found  beneath  the  muck  along  the 
west  shore.  At  a  point  about  1,500  feet  west  and  500  feet  north  of 
the  steamer  landing  at  Winona  P.  0.  a  bed  of  marl  three  feet  thick 
underlies  about  20  acres  of  seven-foot  water. 

In  the  southern  basin  a  small  deposit  of  marl  was  found,  lying 
northwest  of  Lake  Park  Station.  It  is  estimated  to  cover  about  35 
acres.  The  greatest  depth  found  was  five  feet  in  four  feet  of  water 
at  200  to  300  feet  from  shore.  At  twice  that  distance  from  shore, 
still  in  four  feet  of  water,  the  marl  was  only  three  feet  thick.  The 
deposit  does  not  appear  to  run  much  if  any  east  of  the  long  pier  near 
the  ice  house,  and  thence  westward  a  quarter  of  a  mile  or  less.  The 
assistants  on  the  U.  S.  Fish  Commission,  while  making  soundings, 
found  also  a  small  bed  in  the  northern  half  of  the  same  basin,  but  its 
bounds  wen?  not  accural ely  determined.  The  quality  of  the  marl  is 
not  of  the  best,  it  being  darker  than  the  average  and  in  places  more 
or  less  mixed  with  muck  or  sand. 

In  the  southeast  comer  of  section  11,  just  west  of  Bass  Lake, 
marl  was  found  in  a  large  dredged  ditch,  but  proved  on  examination 
to  have  a  thickness  of  only  one  foot,  with  five  feet  of  muck  overlying. 

LAKE  COUNTY. 
References — 

1897. — W.  S.  Blat<?hley,  Twenty-second  Ann.  Kop.  Dop.  (ieol.  and 
Nat.  Kesour.  of  Indiana,  p.  25. 

The  report  above  cited  contains  an  extended  paper  giving  in  detail 
Ihe  facts  relative  to  the  topography  and  geology  of  liake  County. 
To  it  tlie  readiT  is  referred  for  the  general  information  which  in  the 
pn'sent  pap(»r  it  has  been  customary  to  give  under  the  county  head- 
ing. Tliere  is  but  one  lake  of  any  size  in  the  county,  namely.  Cedar 
Lake,  described  below. 

CEDAR  LAKE. 

Not  ▲  Workable  Deposit. 

Cedar  Lake,  or  "I^ke  of  the  Red  Cedars,"  is  located  in  parts  of 
sections  22,  23,  26,  27,  34  and  35  (34  north,  9  west),  on  the  line  be- 
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tween  Center  and  Hanover  townships,  about  four  miles  southwest  of 
Crown  Point.  Its  general  outline  somewhat  resembles  that  of  a  kid- 
ney. Its  length  is  about  two  and  one-eighth  miles  and  its  greatest 
breadth  a  little  more  than  three-quarters  of  a  mile.  Its  water  area, 
as  nomputed  by  Thomas  Large,*  is  at  present  about  1.17  square  miles. 

Cedar  Lake  owes  its  origin  to  the  irregular  deposition  of  the  sur- 
rounding drift.  On  all  sides,  except  the  south,  it  is  embraced  by 
wooded  ridges  of  sand  or  clay,  those  to  the  north  rising  60  feet  above 
the  level  of  its  waters.  Between  these  ridges,  on  the  southern  slope 
of  the  moraine,  a  long,  low  valley  was  left  by  the  retreating  ice  sheet. 
The  bottom  of  this  valley  was  covered  with  an  impervious  stratum  of 
clay.  In  its  depression  collected  the  waters  of  the  melting  glacier, 
and  the  lake  resulted.  Its  waters  once  covered  all  the  low,  marshy 
land  to  the  southward  and  overflowed  the  lowest  pari;  of  the  rim  of 
ite  basin  toward  the  Kankakee.  At  that  time  they  covered  the 
present  shores  as  ffir  as  the  foot  of  the  ridges  on  the  east  and  norih, 
and  were  probably  40  feet  deep  in  places.  Now  they  nowhere  exceed 
20  feet  in  depth.  Within  the  memorv  of  man  thev  have  receded  from 
50  to  90  feet  from  the  former  margins. 

The  principal  cause  of  this  recession  was  artificial  drainage.  To 
reclaim  200  acres  of  comparatively  worthless  marsh  land — at  its 
southern  end —  a  ditch  wjis  cut  pn  its  eastern  side  which  lowered  the 
level  of  the  water  from  eight  to  12  feet.  This  outlet  is  the  present 
source  of  Cedar  Creek,  which  flows  southward  through  the  town  of 
Lowell  and  empties  into  the  Singleton  ditch. 

Thick  beds  of  muck  and  black  mud  along  the  southern  and  western 
margins  produce  a  luxuriant  growth  of  water  vegetation  which  each 
year  decays  and  adds  to  the  thickness  of  the  slowly  rising  bottom. 
Again,  situated  as  it  is  so  near  the  crest  of  the  moraine,  the  area 
from  whicli  the  lake  draws  its  supply  of  water  is  very  limited,  being 
but  a  few  square  miles  in  extent.  At  present  the  season's  evaporation 
is,  probably,  almost  as  great  as  tlie  supply.  For  these  causes  the  area 
and  depth  of  th(^  lake  have  for  years  been  slowly  diminishing  and  will 
continue  to  diminish  until  it  wholly  disappears. 

Within  the  past  10  years  many  cottages  have  been  erected  on  the 
wooded  ridges  about  Cedar  Lake.  The  C,  I.  &  L.  (Monon)  Rail- 
way, which  runs  along  its  western  border,  has  possessed  itself  of  the 
high  wooded  ridge  on  that  side  and  has  transformed  it  into  a  so- 
called  park.     Thousands  of  visitors  are  each  season  brought  from 


"^See  Proc.  Ind.  Acud.Soi.,  1896,  pp.299-.'U)l.  The  accompany  inr  map  of  (^edar  Lake  wns 
also  drawn  by  Mr.  Larre  and  pabliahed  in  the  Proceedinrs  of  the  Academy,  loo.  cit.  By 
permiaaion  it  is  reproduced  in  this  connection. 
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Chicago  and  from  the  cities  to  the  southward.  The  quiet  beauty  and 
repose  which  for  centuries  existed  along  the  margins  of  the  lake  have 
forever  disappeared.  In  their  stead  have  sprung  up  those  artificial 
surroundings  which  the  ever  increasing  wants  of  the  Twentieth  Cen- 
tury seeker  after  pleasure  demand  and  eventually  secure. 

Marl. — No  sign  of  marl  was  found  in  this  lake.  Sand  only  occurs 
along  the  east  and  west  sides,  in  places  running  into  sandy  muck. 
At  the  south  end  the  bottom  is  a  stiff,  blue  clay,  with  a  foot  of  muck 
over  it.  Tests  made  in  the  marsh  one-quarter  of  a  mile  south  of  the 
ice  houses  showed  one  to  four  feet  of  muck  over  blue  mud. 


MINOR  DEPOSITS  OF  MARL. 

A  large  number  of  deposits  of  marl,  not  mentioned  on  the  pre- 
ceding pages,  occur  in  various  parts  of  northern  Indiana.  They  are 
too  small  to  develop  for  cement  making,  but  might  be  utilized  for 
some  of  the  other  purposes  given  in  the  list  of  uses.  For  the  most 
pari  they  occur  in  marshes  and  are  usually  overlain  by  muck  of  vary- 
ing thickness.  Information  concerning,  and  samples  from,  a  number 
of  them  have  been  received  by  this  Department,  but  lack  of  time  for- 
bade a  personal  investigation  of  but  two  or  three.  Those  concerning 
which  we  have  information  deemed  worthy  of  publication  are  as 
follows: 

Near  [iRiGiiTON,  Lagrange  County. — Mr.  Chas.  N.  Libey,  of 
Brighton,  wrote  that  he  had  40  acres  of  marsh  marl  and  that  there 
was  enough  adjoining  to  make,  perhaps,  100  acres  in  all.  It  had 
been  examined  to  some  extent  by  parties  wishing  to  purchase  marl 
lands.  They  reported  the  bed  to  run  from  seven  to  25  feet  in 
thickness. 

Near  Nappanee,  Elkhart  County. — Samples  excellent  in  qual- 
ity were  received  from  George  Meeker.  He  reports  it  as  outcropping 
for  a  distance  of  one-fourth  of  a  mile  or  more  in  the  bed  of  a  small 
(Tcek  and  then  disappearing  beneath  the  nnick.  At  one  place  there 
is  exposed  a  ])ank  or  face  surface  of  the  marl  more  than  four  feet 
in  thiokniiss.  No  tests  were  reported  as  to  its  actual  thickness  in 
the  bed  of  the  creek.  The  muck  over  the  marl  along  the  bank  is 
about  two  feet  thick.  Mr.  Meeker  adds:  "From  the  lay  of  the  land 
I  would  think  there  are  several  hundred  acres  of  this  material,  but 
this  is  only  guesswork." 

Twelve  Miles  Northwest  of  South  Bend. — This  deposit  is  in 
Michigan,  just  north  of  the  Indiana  line,  in  the  northeast  quarter 
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section  16  (18  west,  8  south).  It  is  in  a  marsh,  the  bed  of  an  extinct 
lake,  on  the  land  of  John  Curran,  two  miles  south  of  the  Michigan 
Division  of  the  "Three  I"  Railway.  There  are  probably  40  acres 
underlain  by  marl  which  varies  between  two  and  21+  feet  in  thick- 
ness. In  places  it  comes  to  the  surface,  but  it  is  mostly  overlain 
with  a  thick  deposit  of  muck.  The  marl  is  of  good  quality,  as  is 
evinced  by  the  following  chemical  analysis  made  for  Mr.  Curran  by 
Prof.  Frank  S.  Kedzie,  Agricultural  College,  Michigan: 

Calcium  carbonate  (CaCO,) 80.63 

Magnesium  carbonate  (MgCO,) 2.12 

Iron  and  aluminum  oxides 62 

Insoluble  matter  (mostly  clay) 42 

Organic  and  undetermined  matter  (alkalies,  etc.) 7.55 

Total  100.35 

Near  Wellsboro,  Laporte  County. — Mr.  Othie  Way,  of  Wells- 
boro,  sent  samples  of  good  quality,  accompanied  by  the  following  in- 
formation: The  deposit  is  beneath  a  marsh  on  his  farm,  nine  miles 
south  of  Laporte  and  less  than  a  mile  east  of  Wellsboro.  It  covers 
an  area  of  55  to  60  acres  by  the  side  of  the  Grand  Trunk  Railway. 
Muck  running  from  two  to  three  feet  in  thickness  overlies  the  marl. 
The  latter  is  known  to  be  eight  feet  in  thickness  in  places,  but  neither 
its  maximum  nor  average  thickness  has  been  determined. 

Near  Patton,  White  County. — A  small  deposit  occurs  on  the 
land  of  A.  A.  McKain,  one-half  mile  west  of  Patton,  near  the  C,  I. 
&  L.  (Monon)  Railway.  It  is  less  than  10  acres  in  size,  is  covered  with 
two  feet  of  muck,  and  averages  six  feet  in  thickness. 

Near  Peru,  Miami  County. — A  deposit  of  undetermined  area 
occurs  four  miles  southwest  of  Peru  on  the  land  of  Milton  Shirk. 
The  Wabash  Railway  runs  through  this  deposit.  The  marl  is  of  good 
quality  and  is  known  to  be  over  four  feet  in  thickness  in  a  nimiber  of 
places,  with  two  to  three  feet  of  earth  overlying. 

Another  marsh  deposit  overlain  by  muck  occurs  just  west  of  the 
Catholic  C'cinetery  and  north  of  the  driving  park  at  Peru.  It  is  on  the 
land  of  Kdward  Riley  and  lies  alongside  the  Wabash  Railway.  It  is 
said  to  run  from  nine  to  12  feet  in  thickness  and  to  range  in  color 
from  almost  pure  white  to  dark  gray. 

Near  Adamsroko,  Cass  County. — A  deposit  of  some  size  occurs 
near  Spring  Creek,  on  the  land  of  Mac.  Colgan.  It  underlies  an  area 
of  more  than  40  acres  and  is  covered  with  muck  or  soil  to  a  depth 
of  two  to  four  feet.  At  one  place  on  the  bank  of  the  creek  it  shows 
a  face  of  nearly  six  feet,  and  in  another  place  more  than  four  feet. 
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Near  Forest,  Clinton  County. — Prof.  J.  W.  Hadley  sent  in 
samples  of  a  good  qualit)'  of  marl.  He  stated  that  it  had  been  found 
in  three  diiTerent  locahties  within  less  than  two  miles  of  Forest. 
The  area  of  the  difTerent  beds  was  not  determined.  They  are  from 
two  to  four  feet  below  the  surface  and  range  from  18  inches  to  10 
feet  in  thickness. 

Near  Bloomingport,  Randolph  County. — Samples  were  sent  in 
by  C.  S.  Hunt,  who  reports  that  the  deposit  occurs  to  quite  a  depth  in 
tlie  bottom  of  an  old  pond  of  large  size.  It  is  overlain  by  muck,  two 
feet  in  thickiiesi^.  Mr.  Hunt  also  states:  "I  have  used  the  marl  as  a 
polisli  on  different  metals  and  find  it  equal  to  any  polish  on  the 
market." 

Near  Clinton,  Vermillion  County. — An  examination  of  this 
deposit  was  made  by  Mr.  J.  W.  Robb,  of  Clinton,  who  reported  it  to 
cover  about  three  acres,  and  running  from  18  inches  to  three  feet  in 
thickness,  with  six  to  18  inches  of  muck  overlying.  The  samples 
sent  in  were  of  first-class  quality. 

Samples  of  marl  varying  in  quality  are  also  in  the  State  collection 
from  the  following  points,  but  no  data  is  at  hand  regarding  the  area 
and  thickness  of  the  deposits: 

From  a  point  two  and  a  half  miles  south  of  Oxford,  Benton  County; 
from  the  land  of  lioeske  Bros.,  near  Michigan  City,  Tnd.;  from  the 
land  of  Dr.  Chenowerth,  near  Winchester,  Ind.,  and  from  the  land  of 
lion.  J.  C.  Stevens,  near  ('enterville,  Ind. 

Chemical  Analyses  op  Indiana  Marls. — In  the  table  below 
given  are  included  the  marl  analyses  which  are  scattered  tlirough  the 
foregoing  })ages.  They  are  given  here  in  tabular  form  for  ready  ref- 
erence and  comparison.  The  large  majority  of  these  analyses  were 
made  cwpressly  for  tliis  report  by  the  chemist  of  this  Department, 
Dr.  W.  A.  Noyrs,  of  tJie  Rose  Polvtechnic  Institute,  Terre  Haute, 
Ind.  The  method  of  analysis  as  furnished  by  him  is  as  follows: 
''The  marls  were  dissolved  in  warm  dilute  hydrochloric  acid.  The 
solution  was  filtered  on  an  asbestos  ((ioo(*h)  filter,  and  the  residue 
dried  at  105°.  The  loss  of  this  residue  on  ignition  was  counted  as 
organic  matter.  Tlie  incombustible  residue  is  recorded  as  the  *in- 
soluble  portion."  11ie  ^alumina'  and  'ferric  oxide'  given  comprise 
only  that  portion  of  these  substances  which  passed  into  solution  in 
dilute  hydrochloric  acid.  The  ferric  oxide  probably  represents  fer- 
rous  rarbonuie  in  the  marl.  All  determinations  are  based  on  the  ma- 
terial dried  at  135°." 
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OOUTE  AND  OOUTIC  STONE  FOR  PORTLAND 

fT  MANUFACTURE. 


By  W.  S.  Hlatchley. 


As  mentioned  on  a  preceding  page,  the  carbonate  of  lime  used  in 
making  Portland  cement  can  be  either  a  marl  or  a  limestone.  There 
are  in  Indiana  vast  beds  of  limestone  which  possess  the  chemical 
purity  and  physical  conditions  necessary  for  making  such  cement. 
Practical  tests  in  which  they  have  been  used  as  the  carbonate  of  lime 
ingredient  show  the  resulting  cement  to  be  superior  to  that  in  which 
marl  was  the  source  of  the  lime. 

The  process  of  manufacture  where  limestone  is  used  is  in  general 
simihir  to  that  already  described  with  the  exception  that  the  lime- 
stone has  to  be  crushed  and  ground  very  fine  before  it  is  mixed  with 
the  clay.  The  Indiana  limestones  are  soft  and  easily  crushed  and 
ground  when  first  quarried,  but  harden  on  exposure.  Tlie  necessary 
labor  and  expense  of  grinding  is  therefore  much  less  when  the  stone 
is  immediatelv  used. 

Oolite. — In  Crawford  and  Harrison  counties,  notably  near  Mill- 
town  and  Marengo,  are  extensive  deposits  of  the  purest  limestone  in 
Indiana.  It  is  a  true  oolite,  consisting  of  minute  concretionary 
spherical  masses  wliich  resemble  closely  the  petrified  eggs  of  fish. 
T]ics(»  arc  eeinent(»d  together  in  a  firm  white  mass,  forming  the 
stratum  of  stone.  In  KichoFs  quarry  at  Milltown  the  stratum  as  ex- 
[)()sed  is  13  feet  tliick  and  more  than  1,500  feet  in  length  when  it 
disappears  in  tlie  bluffs  of  Blue  River.  The  complete  section  at  the 
(juarry  is  as  follows.  No.  16  being  the  oolite  in  question: 

Section  at  Eichol's  Quarry  on  Northeast  Side  of  Blue  River,  Opposite 

Milltown. 

Ft.  In, 

1.  Slope    mostly    bidden    by    sandstone   debris,    probably    all 

sandstone    24 

2.  Semi-crystalline,  semi-oolitic  pray  limestone,  with  fossils..     4 

3.  lilgbt  gray  oolitic  limestone,  with  pentremite  bed  at  top 15 

4.  Hard  buff  sub-crystalline  limestone 3 

5.  Hidden 4 


•  • 
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Ft.  In 

G.    Crystalline  brownish-gray  limestone 1 

7.  Covered  8 

8.  Litbograpbic   limestone 3 

9.  Ligbt  gray  crystalline  limestone 20 

10.  Covered    (limestone?) 25 

11.  Bluish-gray  lithographic  limestone,  buff  In  spots 7 

12.  Bluish  calcareous  shale 15 

13.  Sub-lithographic  light  drab  limestone,  with  fine  quartz  sand, 

mustard-seed  size.    Some  cross  bedding  toward  top 12 

14.  Light  grayish-buff  colored  limestone 9 

15.  Buff,  rather  soft  magnesian  (?)  limestone 5 

16.  Oolite,  white  to  gray,  oolitic  structure  imperfect  locally. ...  13 

17.  Hard  bluish  gray,  sub-crystalline  to  sub-oolitic 0  8 

18.  Bluish  green  shale 2 

19.  Light  gray  granular  limestone,  with  a  crowfoot  near  the 

middle  and  with  occasional  green  blotches 5 

20.  Shale    parting 1 

21.  Light  gray  sub-crystalline— sub-oolitic  limestone 3  9 

22.  Shale  and  lithographic  limestone  Intercalated 24 

23.  Drab  colored  lithographic  limestone,  with  irregular  calclte 

band  near  the  middle 3 

24.  Gray  crystalline  limestone 2  G 

25.  Lithographic  limestone  with  flint  bands  and  flint  concre- 

tions        7 

Floor  of  quarry  about  10  feet  above  low  water  in  Blue  River. 
An  analysis  by  Dr.  Noyes  of  an  average  sample  of  the  oolite  shows 
its  percentage  composition  to  be  as  follows: 

Calcium   carbonate  (CaCO.) 98.91 

Magnesium  carbonate  (MgCO.) 0.G3 

Ferric  oxide  and  alumina  (FejO.+AlaO,) 0.15 

Insoluble  In  hydrochloric  acid 0.48 

Total  100.17 

The  analysis  shows  the  oolite  to  run  from  one  to  three  per  cent, 
higher  in  carbonate  of  lime  than  the  better  grades  of  Indiana  oolitic 
limestone  from  Lawrence  and  Monroe  counties.  It  is  softer  and 
therefore  more  easily  reduced  to  a  fine  ])owder.  At  both  Milltown 
and  Marengo  switches  from  the  St.  Louis  Division  of  the  Southern 
Railway  are  already  in  place.  At  Milltown  Blue  River  can  be  easily 
dammed  and  cheap  and  permanent  water-power  thereby  be  obtained. 
The  river  at  that  point  is  about  225  feet  wide,  and  between  there 
and  its  mouth  at  the  Ohio  River,  the  fall  is  89  feet,  or  about  seven 
and  a  half  feet  to  the  mile. 
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In  my  report  for  1899  I  called  attention  to  this  deposit  of  oolite 
at  Milltown,  and  its  value  as  a  Portland  cement  ingredient.  A  num- 
ber of  capitalists  were  afterward,  by  letter  and  in  person,  given  full 
information  concerning  it.  Finally  some  gentlemen  from  Cleveland 
and  Detroit,  who  had  called  upon  me  for  information  relative  to 
marl  deposits,  were  induced  to  investigate  it  and  were  so  pleased  with 
both  the  quality  and  quantity  of  the  material  that  they  at  once 
organized  a  company  and  secured  possession  of  the  more  available 
portion.  The  same  company — The  Indiana  Portland  Cement  Com- 
pany— also  secured  the  marl  in  and  about  Dewart  and  Milford  lakes, 
Kosciusko  County,  and  are  now  engaged  in  raising  the  capital  to 
construct  large  plants  at  both  places.  The  one  at  Milltown — utiliz- 
ing the  oolite — will  be  the  sooner  complet<)d,  the  chances  being  that 
it  will  be  well  under  way  by  the  close  of  the  year  1901.  The  company 
has  had  an  analysis  made  showing  the  average  composition  of  six 
limestones  from  the  face  of  the  Milltown  quarry,  one  of  which  was 
the  oolite.    The  result  of  this  analysis  was  as  follows: 

* 

Calcium  carbonate  (CaCO.)  96.87 

Mafirnesium  carbonate  (MgCO,) 1.19 

Silica  (SiO,)  51 

Alumina  (A1,0,) 37 

Total 98.94 

This  analysis  proves  that  the  greater  portion  of  the  face  of  the 
clifT  is  well  suited  for  the  making  of  cement,  the  carbonate  of  lime 
being  from  three  to  four  per  cent,  higher  than  in  the  better  grades 
of  marl.  The  only  dilTiculty  arises  in  the  proper  grinding  of  the  hard 
crystalline  limestones,  but  the  company  has  assurance  that  this  can 
be  readily  and  cheaply  done. 

A  section  of  the  quarry  face  at  Marengo  is  as  follows: 

Section  of  (Quarry  at  Marengo,  Ind. 

Ft,  In. 

1 .  Surfac«»  <la.v  1  to    5 

2.  Hard  pray  sub-oolitic  limestone 4  6 

:?.    Hard  light  bluish-gray  sub-oolitic  limestone 5 

4.  Gray  sub-lithographic  to  sub-oolitic  limestone  in  6  to  3G-in. 

strata   6 

5.  Buff  limestone,  hard  to  rather  soft 4  6 

0.    Coarse  crystalline  gray  limestone,  oolitic  in  places 6 

7.  Dark  gray  lithograpliic  limestone 3  to  5 

8.  Pure  white  to  light  gray  oolitic  limestone 2  to  4 

9.  Buff  limestone,  very  hard  to  rather  soft 5  6 

10.  Dark  bluish-gray  lithographic  limestone,  irregular  in  layers 

and  texture 6  6 
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These  deposits  of  oolite,  lying  as  they  do  in  proximity  to  the  coal 
fields  of  Dubois,  Warrick  and  Pike  counties,  and  also  close  to  exten- 
sive beds  of  clay  and  shale,  offer  most  excellent  investments  to  cap- 
italists in  search  of  good  sites  for  Portland  cement  manufacture. 

Oolitic  Limestone. — Chemical  analyses  and  numerous  practical 
tests  show  that  the  Indiana  oolitic  limestone  is  in  every  way  suit- 
able for  the  making  of  a  superior  grade  of  Portland  cement.  This 
stone  is  found  in  a  strip  of  territory  from  two  to  fourteen  miles  in 
width  which  extends  from  Greencastle,  Putnam  County,  to  the  Ohio 
River.  It  occurs  in  a  stratum  varying  from  a  few  feet  to  nearly  one 
hundred  feet  in  thickness.  The  principal  quarries  are  located  near 
Romona,  Owen  County;  Stinesville,  EUettsville,  Bloomington  and 
Sanders,  Monroe  County;  Oolitic,  Dark  Hollow  and  Bedford,  Law- 
rence County;  Salem,  Washington  County,  and  Corydon,  Harrison 
County. 

Few  limestones  are  more  accessible  than  the  Indiana  oolitic  lime- 
stone. Occurring  as  it  does  in  an  almost  horizontal  position,  it  out- 
crops over  a  comparatively  large  area,  with  either  no  covering  at  all 
or  one  so  light  that  it  can  easily  be  removed.  The  map  of  the  area 
prepared  for  the  Twenty-first  Report  of  this  Department  shows  the 
total  length  of  the  outcrop  in  Owen,  Monroe  and  Lawrence  counties 
to  be  not  less  than  1,600  miles.  The  C,  I.  &  L.  (Monon)  Railway 
traverses  the  area  from  north  to  south  over  all  the  productive  part, 
and  there  are  also  three  east-west  railroads  and  a  short  line  known 
as  the  "Belt,"  which  serves  to  connect  many  quarries  around  Bed- 
ford with  the  other  roads.  There  are  also  short  branch  roads,  making 
switch  connections  with  one  or  more  of  these  roads,  running  into  each 
of  the  quarries. 

The  oolitic  stone  is  a  granular  limestone,  or  calcareous  sand  rock 
in  which  both  grains  and  cementing  principle  are  carbonate  of  lime. 
In  the  common  sandstones  of  the  State  the  grains  are  hard  and 
nearly  angular.  In  the  oolitic  stone  they  are  always  soft  and  either 
round  or  rounded,  and  the  cement  is  harder  than  the  grains.  In  color 
the  stone  is  either  buff  or  blue.  Its  specific  gravity  is  about  2.47, 
and  its  weight  about  152  pounds  per  cubic  foot. 

Chemical  analyses  show  the  Indiana  oolitic  stone  to  be  a  lime  car- 
bonate of  remarkable  uniformity  and  purity.  No  other  stone  in  the 
United  States  shows  such  a  uniformity  of  composition  over  so  large 
an  area.  The  following  analyses  made  in  the  past,  mostly  by  the 
chemists  of  this  Department,  show  accurately  its  percentage  com- 
position: 
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From  the  table  it  will  be  seen  that  the  percentage  of  carbonate  of 
lime  varies  between  95  per  cent,  and  98.27  per  cent.,  a  variation  of 
but  little  more  than  three  per  cent,  in  16  different  samples  from 
widely  separated  localities,  varying  from  Romona  on  the  north  to 
near  the  Ohio  River  on  the  south. 

The  percentage  of  magnesium  carbonate  is  less  than  one  per  cent, 
in  all  the  specimens  except  two  from  Big  Creek,  and  there  is  a  pos- 
sibility in  that  case  that  the  greater  quantity  may  be  due  to  error 
in  analysis. 

The  insoluble  residue  which  includes  the  silica,  insoluble  silicates, 
and  organic  matter,  averages  less  than  one  per  cent.,  never  as  high 
as  two  per  cent.,  and  only  four  running  over  one  per  cent.  The  iron 
and  alumina  combined  average  less  than  one  per  cent.  The  alkalies 
form  a  mere  trifle.  The  last  column,  headed  "water,'^  in  the  two 
analyses,  where  it  shows  more  than  half  of  one  per  cent.,  includes 
water  and  loss  on  ignition.  Probably  the  greater  part  in  each  is  due 
to  the  unavoidable  errors  of  analysis.  Thus,  from  the  standpoint  of 
purity,  the  stone  is  all  that  could  be  desired,  only  the  purest  marbles 
and  oolite  giving  a  higher  percentage  of  lime  carbonate. 

It  seems  strange  that  Indiana  capital  has  not  hitherto  been  in- 
vested in  the  manufacture  of  Portland  cement  from  oolitic  lime- 
stone. Dr.  J.  Gardner  of  Bedford,  and  others,  had  tests  made  three 
years  and  more  ago  which  proved  the  fitness  of  the  stone  for  such  pur- 
pose. Samples  of  stone  from  the  vicinity  of  Bedford,  with  copies 
of  their  analyses,  were  later  sent  by  this  Department  to  Aman 
Moore,  then  in  charge  of  the  South  Bend  cement  factory.  Under 
date  of  July  7,  1898,  Mr.  Moore  wrote:  "I  have  carefully  examined 
the  oolitic  stone  with  regard  to  its  physical  properties,  etc.  Since 
the  analyses  show  that  it  contains  97+  per  cent,  of  carbonate  of  lime 
it  can  certainly  be  utilized  in  the  manufacture  of  Portland  cement, 
providing  a  suitable  clay  can  be  had  at  a  reasonable  price.  The  lime- 
stone is  exceptionally  good,  and  with  a  good  and  cheap  clay,  cheap 
fuel  and  good  freight  rates,  by  constructing  a  modern  plant,  equipped 
with  the  best  machinery  for  the  business,  a  large  and  paying  industry 
could  be  built  up  in  the  region  from  whence  the  stone  was  obtained. 
Twenty-five  thousand  dollars  would  construct  a  plant  that  would 
turn  out  a  capacity  of  150  barrels  per  day  at  a  cost  of  from  50  to  60 
cents  per  barrel,  and  which,  at  the  present  price  of  Portland  cement, 
would  net  $1.85  at  the  factory.'^ 

The  statement  that  the.  oolitic  limestone  would  make  excellent 
cement  was  given  wide  circidation,  both  in  the  newspapers  and  in 
the  reports  of  this  Department,  yet  none  of  our  local  capitalists  cared 
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to  interest  themselves  in  the  matter.  They  acted  in  this  as  they  have 
in  regard  to  most  of  the  other  great  resources  of  Indiana.  These  are 
being  developed  at  the  rate  of  nearly  twenty  millions  of  dollars  yearly, 
yet  much  of  the  capital  which  is  bringing  about  this  development  is 
owned  by  parties  outside  of  the  State.  They  reap  the  benefits;  they 
pocket  the  profits.  The  people  of  Indiana,  with  hundreds  of  thou- 
sands of  dollars  of  capital  lying  idle,  are,  for  the  most  part,  reluctant 
to  invest  in  the  resources  of  their  State.  They  stand  by  and  see  our 
thickest  coal  veins,  our  greatest  clay  factories,  our  largest  stone  quar- 
ries, the  majority  of  our  oil  wells,  and  the  greater  part  of  our  natural 
gas  property  owned  and  operated  by  foreign  capital. 

A  few  millions  of  dollars  are  invested  in  developing  these  resources 
and  pay  taxes  into  our  treasuries,  but  the  profits,  aggregating  far 
greater  sums,  go  into  the  coffers  of  non-resident  owners.  Were  Indi- 
ana capital  invested,  both  capital  and  profits  would  remain  in  the 
State,  and  the  wealth  upon  which  taxes  are  based  would  increase  in 
much  greater  proportion. 

In  1900  the  Bedford  Portland  Cement  Co.  was  organized  by  gen- 
tlemen from  Minnesota  and  Michigan,  to  whom  information  concern- 
ing the  fitness  of  the  oolitic  stone  for  cement  purposes  had  been  fur- 
nished by  the  writer.  They  purchased  a  large  tract  of  land  near 
Bedford  upon  which  occurs  oolitic  stone,  common  clay  and  kaolin  in 
quantity.  Samples  of  these  materials  were  sent  to  Dr.  A.  W.  Smith, 
chemist  at  the  Case  School  of  Applied  Science  at  Cleveland,  Ohio, 
for  analyses,  which  resulted  as  follows: 

ANALYSIS  OF  OOLITIC  LIMESTONE  FROM   LAND  OF   BEDFORD  PORTLAND  CEMENT  CO. 

Calcium  carbonate  (CaCO.) 97.48 

Magnesia   (MgO) 0.61 

Iron  oxide  (FejO,) 0.13 

Alumina    (AljO,) 1.27 

Water  (H,0) 0.15 

Total   99.64 

ANALYSIS  OF  COMMON   CLAY. 

Silica    (SiOJ 74.29 

Alumina    (A1,0,) 12.06 

Iron  oxide  (PeaO.) 4.92 

Lime  (CaO) 0.41 

Magnesia   (MgO) 0.68 

Potash    (K,0) 0.76 

Soda    (Na,0) 1.80 

^  Total  94^92 
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ANALYSIS  OF  KAOLIN. 

Silica    (SiOJ 43.66 

Alumina    (Al,Og) 36.26 

Iron  oxide  (Fe,Og) 2.66 

Total  82.46 

Quantities  of  the  materials  were  also  sent  to  S.  B.  Newberry,  Su- 
])crintcndent  of  the  Sandusky  Portland  Cement  Co.,  Sandusky,  Ohio, 
in  order  that  he  could  determine  by  practical  experiments  their  fit- 
ness for  cement  making.    In  due  time  he  made  his  report  as  follows:* 

Sandu.'<ky  Portland  Cement  Co.,  General  Office  and  Wohks. 

Sandusky,  Ohio,  May  28,  1900. 
C  A,  NimocfUf  Esq.f  MinneapoliSj  Minn.  : 

Dear  Sir— As  Instructed  by  you  I  have  made  practical  tests  of  the 
limestone  and  clay  sent  me  at  your  request  by  Dr.  J.  Gardner,  of  Bed- 
ford, Ind..  from  the  land  of  the  Bedford  Portland  Cement  Company,  and 
respectfully  submit  the  following  report  on  the  suitability  of  these  ma- 
terials for  the  manufacture  of  Poitland  cement: 

The  samples  received  consisted  of  a  soft  gray  limestone,  a  red  clay 
and  specimens  of  impure  kaolin. 

I  have  examined  the  analyses  made  by  Dr.  A.  W.  Smith,  of  these  ma- 
terials, and  I  have  not  considered  it  necessary  to  repeat  his  analyses,  but 
have  confined  my  work  to  practical  tests  of  the  material,  and  tests  and 
analysis  of  the  resulting  cement. 

The  limestone  and  clay  were  crushed  to  such  fineness  as  to  pass  a 
No.  20  sieve,  and  the  mixture  ground  with  40  per  cent,  of  water,  until 
tlie  mixture,  on  washing  through  a  sieve  of  200  meshes  to  the  linear  inch, 
left  scarcely  any  residue.  The  mixture  was  then  dried  and  burned  and  a 
well  sintered  clinker  resulted,  which  on  grinding  gave  a  cement  of  a  light 
gray  color,  slow  setting,  sound  in  both  cold  and  hot  tests  and  of  extra- 
ordinary  tensile  strength.  The  follow^ing  are  the  results  obtained  in  testing 
this  cement: 

Cold  pat  test,  7  days,  sound;  28  days,  sound. 
Hot  test,  5  hours  in  steam,  19  hours  in  boiling  water,  sound. 
Tensile  strength,  neat  7  days,  713-740;  28  days,  870-935. 
Tensile  strength  with  three  parts  standard  sand,  7  days,  416-490; 
28  days,  530-585. 

These  tests  show  the  cement  to  he  of  the  highest  quality  and  at  lea^t  equal 
to  any  Portland  cement  manufactured  in  this  country  or  in  Europe, 


^ProRpectui  of  tlie  Bedford  Portland  Cement  Co.,  of  Bedford,  Ind.,  p.  4. 
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An  analysis  of  this  cement  gave  the  following  results: 

SiUca    (SiO,) 21.80 

Alumina    (AI3O,) 5.40 

Iron  oxide  (Fe,0,) 3.02 

Lime  (CaO) 64.52 

Magnesia   (MgO) O.Si 

Ix)S8  on  ignition 3.12 

Total 98.84 

This  analysis  shows  the  cement  to  have  a  very  satisfactory'  composi- 
tion. The  alumina  is  a  little  lower  than  in  most  commercial  cements, 
but  will  be  all  the  better  in  respect  of  hardening  qualities  and  durability 
on  this  account.  Yours  very  truly, 

S.  B.  NEWBERRY. 

There  are  thousands  of  acres  in  Monroe  and  Lawrence  countiefe 
which  contain  materials  as  good  as  those  furnished  Mr.  Newberry 
for  the  experimental  tests  above  reported  upon.  Millions  of  tons 
of  spalls  and  refuse  pieces  of  the  oolitic  stone,  unfit  for  building  pur- 
poses but  in  every  way  suited  for  cement  manufacture,  are  thrown 
aside  yearly  from  the  leading  quarries.  The  stone,  when  first  quar- 
ried, is  soft,  and  much  more  easily  ground  than  is  generally  supposed. 
Lying,  as  it  does,  adjacent  to  fuel,  the  shales  and  other  clays  of  the 
coal-bearing  counties  to  the  westward,  there  is  no  good  reason  why 
this  oolitic  stone  region  should  not  become  the  center  of  the  Portland 
cement  industry  in  Indiana. 


THE 


Silver  Creek  Hydraulic  Limestone 


OF 


Southeastern  Indiana. 


By  C.  E.  Siebenthal, 


1900. 


LETTER  OF  TRANSMITTAL. 


i 


Bloomington,  Ind.,  January  10,  1901. 

Dear  Sir — I  have  the  honor  to  transmit  herewith  my  report  upon 
the  "Silver  Creek  Hydraulic  Limestone,"  written  in  1899  and  em- 
bodying the  results  of  field  work  done  in  that  year,  but  recently  gone 
over  and  brought  down  to  date.  I  take  pleasure  in  acknowledging 
the  services  of  Messrs.  II.  M.  Adkinson  and  F.  H.  H.  Calhoun,  gradu- 
ate students  at  the  University  of  Chicago,  who  generously  gave  their 
assistance  in  the  gathering  of  the  data  for  the  paper.  The  thanks 
of  the  Survey  are  also  due  to  Prof.  Stuart  Weller,  of  the  tJniversiiy 
of  Chicago,  for  valuable  assistance  in  the  paleontological  part  of  this 
report. 

Respectfully  submitted, 

C.  E.  SIEBENTHAL. 

Prof.  W.  S.  Blatchley,  State  Geologist. 
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I.     STRATIGRAPHY. 
HisTORFCAL  Resume. 

1827. — The  earliest  work  upon  the  stratigraphy^  of  this  region  which 
has  come  under  the  notice  of  the  writer  is  that  of  Increase  A.  Lap- 
liam  in  1827*.  Lapham  describes  tlie  lowest  rocks  at  the  Falls  of 
the  Ohio  as  consisting  of  limestone,  near  the  top  of  wh]ch  is  in- 
t>ercalated  a  l)ed  of  hydraulic  liniostono  or  ^^wat-er  linierock/'  over- 
lain by  a  thin  layer  of  coarse-grained  limestone,  "probably  oolite 
or  roestone/'  and  that  overlain  in  turn  by  the  black  shale.     He 


*0n  the  Qeology  of  the  Vicinity  of  the  Louiiville  and  ShippingBportCanal,  A.  J.S.,Vol. 
XIV,1828,pp.65-e9. 
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describes  the  hydraulic  limestone  thus:  "Its  color  is  bluish  gray; 
structure  conchoidal;  adheres  slightly  to  the  tongue;  emits  an  ar- 
gillaceous odor  when  breathed  upon;  and  it  effervesces  with  acids." 
He  mentions  its  use  in  the  masonry  of  the  canal. 

1841. — James  Hall,*  speaking  of  tlic  limestone  at  the  Falls  of  the 
Ohio,  says:  "The  upper  part  of  the  limestone,  so  far  as  lithological 
characters  are  concerned,  is  a  continuation  of  the  Helderberg 
group,  the  Onondaga  salt  group  having  thinned  out  almost  entirely, 
having  in  fact  no  representation  except  a  thin  layer  of  water  lime, 
which  is  seen  at  the  Falls  of  the  Ohio,  and  the  canal  below  Tiouis- 
ville,  but  in  other  localities  is  of  less  importance  and  often  scarcely 
to  be  recognized." 

1843. — Dr.  A.  Clappf  in  a  communication,  opjwses  Professor  IlalFs 
view  that  the  waterlime  represents  the  Onondaga  salt  group,  and 
gives  it  as  his  belief  that  the  waterlime  is  the  equivalent  of  the 
Helderberg.    The  black  slate  he  considers  of  Marcellus  age. 

1843. — D.  1).  Owen  J  correlates  the  black  slate  with  the  Marcellus 
shale  and  the  limestone  below,  with  the  Helderburg  of  New  York. 

1843. — H.  D.  Rogers,  in  discussing  Owen's  paper,  says  that  he  could 
recognize  no  Hamilton  in  .the  west.  He  correlates  the  black  shale 
with  the  Mrtr(*ellus,  and  mentions  finding  OrbicuJn  corrugata  and  a 
Lingula  at  New  Albany. 

1847. — Yandell  &  Shumard||  follow  Dr.  ('lai)p  in  dividing  the  section 
at  the  Falls  of  the  Ohio  into  the  coralline,  the  shell,  and  the  upper 
limestones  and  the  black  shale,  subdivided  thus: 

Blnck  slate 104  feet. 

Upper  limestone— 

Subcrystalllne  limestone 8  feet. 

Water   limestone 12  feet. 

Shell  limestone - 

Snbcrystalline.  with  shells  and  trilobites 10  feet. 

Coralline  limestone- 
Upper   coralline 20  feot. 

Tiower  coralline  with  Catenipora 20+  feet. 

The  authors  agree  with  M.  de  Verneuil,  whom  they  cite  as  visit- 
ing the  locality  in  company  with  them,  in  placing  the  line  between 
the  Silurian  and  Devonian  at  the  parting  between  the  upper  and 
lower  coralline  limestones.  The  limestones  lying  between  this  line 
and  the  black  slate  are  considered  from  their  fossils  as  representing 


«  Notes  Upon  the  G«oloff7  of  th«  WePtern  StaUs,  A.  J.  8.,  Vol  XLII,  18(2,  p.  58. 
t  Proo.  Phil.  Aoad.  8ei.,  Vol.  1, 1843,  pp.  177-178. 

:  On  the  GeoloffT  of  the  Wettern  SUtei,  A.  J.  S..  Vol.  XLV.  1843.  pp.  151-152, 161-lffi. 
V  Contribationf  to  the  Geology  of  Kentaeky,  LoaifrilU,  Kj**  1847. 
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II.  TOPOGRAPHY. 

Unglaciated  region. 
Qlaeiated  region. 

Topography. 

Drainage. 
Pleistocene  terraces. 
Preglacial  channel  at  the  Falls  of  the  Ohio. 

III.  ECONOMIC  GEOLOGY  OF  THE  SILVER  CREEK  HYDRAULIC 

LIMESTONE. 
Texture  and  composition  compared  with  Milwaukee  and  Rosendale 

stone. 
Exploitation. 
Quarrying— 

Stripping  by  steam  and  by  hand. 
Blasting  and  loading  on  cars. 
Mining- 
Tunneling. 

Blasting  and  loading. 

Comparison  with  Ulster  County  (N.  Y.)  methods. 
Calcination. 

Burning— Forms  of  kilns,  fuels,  loading,  drawing,  etc. 
Grinding— Rock  crushers,  regrinders,  burrs,  grinding  mills. 
Bolting  and  regrinding. 
Flow  sheet  of  a  typical  mill. 
Testing. 

Methods,  results  and  tables. 
Comparison  with  otner  cements. 
Transportation. 
Capacity  and  Production. 
Associations. 

Union  Cement  Association. 
Western  Cement  Company. 
Central  ('ement  Company. 
Description  of  plants  of  firms  Interested. 


I.     STRATIGRAPHY. 

H[8TORTCAL    RbSUME. 

1827. — The  earliest  work  upon  the  stratigraphy  of  this  region  which 
has  come  under  the  notice  of  the  writer  is  that  of  Increase  A.  l^ap- 
ham  in  1827*.  Lapham  deserihes  the  lowest  rocks  at  the  Falls  of 
the  Ohio  as  consisting  of  limestone,  near  the  top  of  wh]ch  is  in- 
tercalated a  bed  of  hydraulic  limestone  or  "water  limerock,"  over- 
lain by  a  thin  layer  of  coarse-grained  limestone,  "probably  oolite 
or  roestone,"  and  that  overlain  in  turn  bv  the  black  shale.     lie 


*  On  the  Geology  of  the  Vicinity  of  the  Louisville  and  Shippingsport  Canal,  A.J.  S.,  Vol. 
XIV,1828.pp.65-«9. 
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describes  the  hydraulic  limestone  thus:  "Its  color  is  bluish  gray; 
structure  conchoidal;  adheres  slightly  to  the  tongue;  emits  an  ar- 
gillaceous odor  when  breathed  upon;  and  it  effervesces  with  acids." 
He  mentions  its  use  in  the  masonry  of  the  canal. 

1841. — James  Hall,*  speaking  of  the  limestone  at  the  Falls  of  the 
Ohio,  says:  "The  upper  part  of  the  limestone,  so  far  as  lithological 
characters  are  concerned,  is  a  continuation  of  the  Helderberg 
group,  the  Onondaga  salt  group  having  thinned  out  almost  entirely, 
having  in  fact  no  representation  except  a  thin  layer  of  water  lime, 
which  is  seen  at  the  Falls  of  the  Ohio,  and  the  canal  below  Louis- 
ville, but  in  other  localities  is  of  less  importance  and  often  scarcely 
to  be  recognized." 

1843. — Dr.  A.  Clappf  in  a  communication,  opjK)ses  Professor  Hall's 
view  that  the  waterlime  represents  the  Onondaga  salt  group,  and 
gives  it  as  his  belief  that  the  waterlime  is  the  equivalent  of  the 
Helderberg.    The  black  slat«  he  considers  of  Marcel lus  age. 

1843. — D.  1).  Owen  J  correlates  the  black  slate  with  the  Marcel  lus 
shale  and  the  limestone  below,  with  the  Helderburg  of  New  York. 

1843. — H.  D.  Hogers,  in  discussing  Owen's  paper,  says  that  he  could 
recognize  no  Hamilton  in  .the  west.  He  correlates  the  black  shale 
with  the  ^larcellus,  and  mentions  finding  OrbicuJa  corrugata  and  a 
lAngula  at  New  Albany. 

1847. — Yandell  &  Shumard||  follow  Dr.  ('Ia])p  in  dividing  lh(»  s(?ction 
at  the  Falls  of  the  Ohio  into  the  coralline,  the  shell,  and  the  upper 
limestones  and  the  black  shale,  subdivided  thus: 

Black  alato 104  feet. 

Upper  Urn  est  one— 

SiibcrystaUine  Hmestone 8  feet. 

Water   limestone 12  feet. 

Shell  limestone - 

SnlKfrystalllne,  with  shells  and  trilobites 10  feet. 

Coralline  limestone-— 

Upper   coralline 20  feet. 

Lower  coralline  with  Catenipora 20+  feet. 

The  authors  agree  with  M.  de  Verneuil,  whom  they  cite  as  visit- 
ing the  locality  in  company  with  them,  in  placing  the  lino  between 
the  Silurian  and  Devonian  at  the  parting  between  the  upper  and 
lower  coralline  limestones.  The  limestones  lying  between  this  line 
and  the  black  slate  are  considered  from  their  fossils  as  representing 


*  Notes  Upon  the  G«oloff7  of  th«  Wet  tern  StaUs,  A.  J.  8.,  Vol  XLII,  18(2,  p.  68. 
t  Proo.  Phil.  Aoad.  8ei.,  Vol.  1, 1843,  pp.  177-178. 

:  On  the  0«olog7  of  th«  Wettern  SUtei,  A.  J.  8..  Vol.  XLV,  1843.  pp.  151-152, 161-1f(2. 
I  Contribations  to  the  Gtology  of  Kentaoky,  Loaitrille,  Ky.,  1847. 
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the  Onondaga,  the  Corniferous  and  the  Hamilton,  and  the  Black 
slate  is  recognized  as  the  equivalent  of  the  Qenessee  shale. 

1857. — Maj.  Sidney  S.  Lyon,*  in  describing  several  species  of  crinoids 
from  the  crinoidal  limestone,  gives  its  thickness  as  varying  fmm  4 
to  8  feet.  Underlying  this  is  the  hydraulic  limestone,  varying  from 
18  feet  at  the  falls  to  4  or  6  inches  on  Bear  Grass  Creek.  He  notes 
a  conglomerate  bed  of  ferruginous  gravel  in  the  lower  part  of  the 
crinoidal  limestone  and  another  at  the  base  of  the  hydraulic  lime- 
stone. 

18o0. — Lyon  and  (*asseday,f  in  describing  Megislocrinus  rugosus  give 
it  as  occurring  in  rocks  a  few  feet  below  the  black  slate  on  Bear 
(irass  Creek,  "in  Devonian  rocks  of  the  age  of  the  Hamilton 
Group.''  As  near  as  may  be  judged  from  the  description,  the  loca- 
tion must  have  been  in  the  crinoidal  limestone.  This  is  the  first 
reference  of  these  rocks  to  the  Hamilton. 

]8()0. — Maj.  Sidney  S.  LvonJ  divides  the  beds  at  the  Falls  according 
to  their  characteristic  fossils  as  follows: 

Black   slate 50  to  100  feet. 

Encrlnital  Umestone  8  feet. 

Hydraulic  limestone ". 20  feet. 

Spirifer  cultrayrulatus  bed 3  feet. 

Nucleocriniis   bed 2  feet. 

Spirifer  ^regaria  and  Turbo  beds 10  feet. 

Coral   bods 10  feet. 

Catenipora  oscharoides  beds 40  feet. 

The  <^cological  age  of  these  bods  is  not  discussed  except  that  the 
author  s\ig^esis  tliat  the  Subcarboniferous  age  of  the  black  slate  is 
indicated  l)v  the  ;:!:oniatitos  of  Rockford,  Indiana.  It  has  since  been 
shown  that  the  ^oniatiies  were  derived  from  a  stratum  overlying 
tlio  black  shale.  The  author  points  out  that  the  hydraulic  lime- 
stone, to  wliich  he  assigns  a  thickness  of  twenty  feet  at  the  Falls, 
has  thinned  out  to  four  inches  at  a  point  three  miles  to  the  south- 
cast,  and  states  that  all  of  the  beds  from  the  Encrinital  limestone 
to  the  Catenipora  limestone  thin  out  and  disappear  within  a  dis- 
tance of  20  miles  south  of  Ix)uisville. 
1874. — Prof.  W.  W.  Borden ||  gives  the  following  succession  of  the 
roeks  in  Clark  and  Flovd  counties: 


*  Kentucky  Geological  Surrey,  Vol.  Ill,  p.  484. 
t  A.  J  S..  Second  Series,  Vol.  XXVITI,  1859,  p.  244. 
tTrans.  St.  Louis  Acad.  Soi.,  Vol.  1. 186\  pp.  612-621. 
B  Geological  Survey  of  Indiana,  1873,  pp.  1S4-189. 
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» 

New  Albany  black  slate 104  feet. 

Orlnoidal  limestone 3%  to  4  feet. 

Hydraulic  limestone  14  to  16  feet. 

Cornlferous  limestone 22  feet. 

The  limestone  below  the  Hydraulic  limestone  is  placed  in  the 
C'Orniferous  and  the  Hydraulic  and  Crinoidal  limestones  are  placed 
in  the  Hamilton,  to  which  the  New  Albany  Black  slate  is  provi- 
sionally added.  (See  section,  loc.  cit.,  p.  172.) 
1875. — Professor  Borden  in  the  report  on  Scott  County*  notes  the 
occurrence  in  the  New  Albany  Black  shale,  of  Leiorhynchxis  quadri- 
costatum  Hall,  Choneles  lepidus  Hall,  and  Tentacvlites  (Styliola) 
fissurella  Con.,  and  for  this  reason  refers  it  to  the  Genessee  which 
he  makes  a  subdivision  of  the  Hamilton  period.  From  the 
Crinoidal  limestone  he  cites  Tropidoleptvs  carinafus  Con.,  and 
Chonetes  coronatus  Con.,  which  causes  him  to  place  that  limestone, 
together  with  the  Hydraulic  limestone,  in  the  Hamilton  proper. 
1879. — James  Hallf  reviews  the  work  of  previous  writers,  and  gives 
a  tabulated  list  of  the  fossils  occurring  in  the  Devonian  limestones 
at  the  Falls  of  the  Ohio,  and  their  representation  in  the  Hamilton 
and  Chemung  groups  of  New  York.  The  list  clearly  substantiates 
Mr.  Hall's  view  that  the  Encrinital  and  Hydraulic  limestones  are 
of  Hamilton  age.  Out  of  a  total  of  90  species  occurring  in  the  En- 
crinital and  Hydraulic  limestones,  55  are  represented  in  the  Ham- 
ilton of  New  York,  15  are  represented  in  the  Comiferous  of  New 
York,  and  14  are  common  to  both  Comiferous  and  Hamilton. 

The  upper  limit  of  the  Comiferous  is  characterized  by  the  abun- 
dant presence  of  Spirifer  acuminaius. 

The  New  Albany  Black  shale,  on  paleontologic  and  stratigraphic 
grounds,  is  referred  to  the  Genessee. 
1897. — Dr.  August  FoersteJ  describes  the  occurrence  of  New  Albany 
Black  shale,  the  Crinoidal  limestone,  the  Hydraulic  limestone  and 
the  Comiferous,  at  various  points  in  the  vicinity  of  Charlestown, 
Indiana,  but  makes  no  effort  at  their  correlation.  At  the  cement 
quarry,  one  and  one-half  miles  west  of  Charlestown,  he  notes  that 
the  lower  part  of  the  Crinoidal  limestone  contains  many  small 
rounded  black  pebbles. 
1899. — E.  M.  Kindlell  gives  numerous  sections  and  list.s  of  fossils 
from  many  localities  in  the  Devonian  and  Subcarboniferous  of 

*OeoIogical  Survey  of  Indiana,  1874,  pp.  112-134. 
t  Palneontoloffj  of  New  York.  Vol.  V,  Part  II,  pp.  139-lM. 
:  Indiana,  Dept.  Oeol.  and  Natural  Ktt ,  22d  \nn.  Rep.,  pp.  21^-288. 
\  Balletins  of  American  Palaeontolovy,  No.  12.    The  DeTonian  and  Lower  Carbon  iferoof 
Fannai  of  Southern  Indiana  and  Central  Kentnokj* 

22— Qeol. 
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southern  Indiana,  some  of  them  within  the  area  which  we  have 
under  consideration.  A  brief  resume  of  the  contentions  which 
have  arisen  over  the  ages  of  the  various  formations  is  followed  by 
the  correlations  which  the  author  thinks  best  justified. 

The  Knobstone  is  divided  into  two  formations.  The  upper  one, 
consisting  of  sandstones  and  arenaceous  shales,  is  found  by  its 
fauna  to  be  the  equivalent  of  a  similar  formation  further  north  in 
Indiana,  described  by  Hopkins*  under  the  name  of  Riverside  sand- 
stone, and  consequently  that  name  is  adpoted.  The  lower  member, 
consisting  of  blue  shales,  had  previously  been  named  the  New 
Providence  sliale.  List8  of  fossils  are  given  from  both  members 
which  show  their  affinities  to  be  of  the  closest  kind.  The  Knob- 
stone  as  a  whole  is  found  to  be  the  faunal  equivalent  of  the  Wav- 
erly  sandstone  of  the  Ohio  section,  and  the  Osage  group  of  the  Mis- 
sissippian  section.  Selecting  the  most  abundant  and  characteristic 
fossil  in  each,  the  upper  member  or  Riverside  sandstone  is  denom- 
inated the  Eeticularia  pseudolineata  zone,  and  the  lower  or  New 
Providence  shale,  the  Rhipidomella  oweni  zone  of  the  Eocarbonif- 
erous. 

The  Rockford  limestone  holds  a  surprisingly  rich  fauna,  the 
cephalopoda  comprising  one-third  of  the  whole.  Attention  is  called 
to  its  adventitious  character.  Yrom  the  fact  that  in  Kentucky  a 
bed  of  shelly  limestone,  carrying  a  characteristic  New  Providence 
shale  fauna,  occupies  a  position  between  the  Black  shale  and  the 
Now  Provid(»nco  shale,  in  other  words,  occupies  the  horizon  of  the 
Rockford  limestone,  the  author  argues  the  contemporaneity  of  the 
Rockford  limestone  and  the  lower  part  of  the  New  Providence 
shale.  On  litliologic,  stratigraphic  and  paleontologic  grounds,  the 
author  rejects  Meek's  correlation  with  the  Choteau  limestone  of 
Missouri,  and  makes  it  the  equivalent  of  the  Lithographic  or  Ix)u- 
isiana  limestone  of  the  later  Missouri  reports. 

The  formation  is  characterized  as  the  Munslrroreras  oweni  zone 
the  P>»carboniferous. 

The  New  Albany  Black  shale,  on  account  of  it«  meagre  and  un- 
diagnostic  fauna,  has  offered  the  most  difficult  problem  in  correla- 
tion of  all  the  i)evonian.  The  weight  of  evidence,  however,  seems 
to  most  closely  allv  it  with  the  Genessee  shale  of  the  New  York 
section.  It  is  made  the  Styliola  fissurella  zone  of  the  Mesode- 
vonian. 

The  Sellersburg  beds,  as  proposed  by  the  author,  include  the 
upper  part  of  the  Devonian  limestone  from  the  New  Albany  Black 


*  Indiana  Department  of  Geoloiry  and  Natural  Resoarces,  20th  Annual  Report,  1806, 
p.  287, 
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shale  down  to  the  bottom  of  the  lowest  beds  worked  at  the  cement 
quarries  in  the  vicinity  of  Sellersburg.  The  formations  comprised 
within  these  limits  are  the  cement  beds  and  a  thin,  overlying  bed 
of  limestone.  Faunally,  these  two  members  are  very  closely  re- 
lated, and  they  are  both  referred  to  the  Hamilton.  They  form 
the  Spirifer  granuliferus  zone  of  the  Mesodevonian. 

The  Jeffersonville  limestone  is  a  term  introduced  by  the  writer 
to  comprise  the  lower  part  of  the  Devonian,  lying  between  the 
Sellersburg  beds  and  the  Silurian.  The  fauna  has  very  close  afl&ni- 
ties  with  the  Corniferous.  It  is  denominated  the  Spirifer 
acvminatus  zone  of  the  Devonian. 

Stratigraphy  and  Paleontoloqt. 

Though  this  investigation  had  to  do  with  the  members  of  the  De- 
vonian only,  for  the  sake  of  completeness  the  members  of  the  under- 
lying and  overlying  formations,  within  the  area  comprised  by  the 
accompanying  map,  have  been  delineated  upon  it,  and  short  descrip- 
tions are  incorporated  herein.  The  geological  section  with  the  New 
York  and  Mississippian  equivalents  as  ordinarily  given  is  as  follows: 

Subcarboniferous— 

Knobstone Kinderhook. 

Rockford  limestone Ohoteau. 

Devonian- 
New  Albany  Black  shale Genessee. 

Sellersburg   limestone Hamilton. 

Silver  Creek  Hydraulic  limestone Hamilton. 

Jeffersonville  limestone  Corniferous. 

Pendleton  sandstone  Schoharie. 

Silurian- 
Upper  Silurian Niagara-Clinton. 

Lower  Silurian  Hudson  River. 

Of  these  formations  several  arc  omitted  from  the  map  for  the  rea- 
son that  their  outcrops  are  too  limited  in  extent  to  be  delineated  upon 
a  map  of  that  scale.  Such  formations  may  be  located  closely  enough 
by  the  line  of  parting  between  the  overlying  and  underlying  forma- 
tions. Notably,  the  Rockford  limestone  may  he  located  by  the  line 
separating  the  Knobstone  and  the  New  Albany  shale.  The  Sellers- 
burg limestone  has  uniformly  been  included  with  the  Silver  Creek 
limestone  where  that  formation  has  been  delineated.  The  eastern 
border  of  the  Silver  Creek  limestone  has  usually  been  found  in  a  flat 
])lain,  without  outcrops,  and  covered  with  drift.    In  such  places  by 
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means  o^  well  sectione  it  was  possible  to  do  no  more  than  distingxdsh 
between  the  limestone  and  the  shale^  and  the  parting  as  mapped  is 
such,  thus  throwing  the  Sellersburg  and  Clear  Creek  limestones  in 
with  the  JeffersonviUe  limestone.  The  Pendleton  sandstone  has  not 
been  found  within  the  limits  of  this  region,  but  what  is  probably  that 
formation  has  been  found  not  far  north,  and  may  be  found  here.  Its 
proper  horizon  would  be  the  parting  between  the  Niagara  and  the 
JeffersonviUe  limestones. 

The  Knohstone  was  originally  included  by  D.  D.  Owen  with  the  next 
overlying  formation  under  the  name  Calcareo-siliceous  or  Encrinital 
limestone  series.  It  was  first  considered  separately  by  Owen  and 
Norwood*  who  considered  "the  formation  of  the  knobs"  to  be  the 
basal  formation  of  the  Carboniferous.  The  use  of  the  word  Knob- 
stone  to  designate  this  formation  first  occurred  in  1859  in  the  re- 
vised reprint  of  D.  D.  Owen's  Geological  Reconnoissance  of  Indiana. 
The  formation  consists  of  a  series  of  alternating,  friable,  arenaceous 
shales  and  sandstones,  ranging  from  350  to  600  feet  in  thickness. 
The  outcrop  reaches  its  maximum  development  in  Morgan,  Brown 
and  Jackson  counties,  where  it  varies  from  30  to  40  miles  in  width. 
To  the  south  it  narrows  rapidly,  and  west  of  the  region  covered  by 
this  report  is  in  some  places  not  over  two  miles  in  width.  It  is  in 
the  main  unfossiliferous,  but  at  intervals  there  are  intercalated  cal- 
careous septaria  and  lenticular  beds  of  limestone  which  hold  rich 
faunas.  In  rare  places  the  Knobstone  itself  is  fossiliferous.  Re- 
cently considerable  work  has  been  done  upon  the  paleontology  of 
this  formation,  the  results  of  which  are  given  in  the  paper  by  E.  M. 
Kindle,  which  has  been  summarized  above. 

The  Rockford  GoniatUe  limestone  was  first  noted  by  Owen  and  Nor- 
wood in  the  paper  cited  above,  and  referred  by  them  to  the  Devonian. 
It  is  a  thin  but  very  persistent  bed  of  ferruginous  limestone  and  cal- 
careous shale  of  limited  ureal  extent,  coming  between  the  Knobstone 
and  the  New  Albany  shale  and  furnishing  the  famous  fossils  which 
led,  after  much  controversy,  to  its  recognition  as  the  base  of  the 
Carboniferous. 

The  New  Albany  Black  shale  was  named  by  Prof.  W.  W.  Borden  in 
1873,  from  the  city  of  that  name,  where  its  thickness  was  investi- 
gated by  borings  by  Dr.  Clapp,  and  found  to  be  104  feet.  In  other 
places  it  is  reported  as  much  as  140  feet,  but  in  the  region  of  the 
cement  rock  (where  its  whole  thickness  is  not  exposed)  it  varies  from 
nothing  to  about  GO  feet. 


'^  Reiearches  Among  th«  Protosoic  and  Carboniferoui  Roeki  of  Central  Kentaoky,  made 
daring  the  tummer  of  1846,  by  D.  D.  Owen,  M.D.,  and  J.  Q.  Norwood,  M.D.,  St.  Louit,  1847. 
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It  is  a  black,  fissile,  in  places  sheety,  shale,  which  sometimes  car- 
ries enough  bituminous  matter  to  make  it  bum  freely.  It  of  course 
does  not  bum  to  ashes,  but  when  the  oil  is  all  burned  off  the  shale 
is  left  with  a  reddish,  or  drab,  baked  appearance.  For  a  more  detailed 
account  of  the  black  shale  the  reader  is  referred  to  the  excellent 
article  by  Mr.  Hans  Duden  in  the  Twenty-first  Annual  Report  of  this 
Department. 

The  earlier  correlation  of  this  shale  was  with  the  Marcellus  of 
New  York,  but  in  time  it  came  to  be  referred  to  the  Genessee  of  New 
York.  An  able  discussion  of  the  whole  matter  is  given  by  Mr.  Geo. 
H.  Girty  of  the  U.  S.  Geological  Survey  in  an  article  in  the  American 
Journal  of  Science  for  1898,  Vol.  IV,  pp.  384-395. 

In  the  vicinity  of  Lexington,  Professor  Borden  found  the  follow- 
ing fossils  in  the  Black  shale,  viz.:  Leiorhynchus  quadricosiaium  Hall; 
Chonetes  lepidus  Hall;  Tentaculites  (Styliola)  fissurelln  Hall;  and  Car- 
diola  radians,  all  Genessee  forms. 

The  Sellersburg  limestone  is  that  bed  of  white  to  gray  crystalline 
limestone  which  overlies  the  cement  rock,  which  underlies  the  New 
Albany  Black  shale,  and  which  by  various  writers  has  been  alluded 
to  as  the  Crinoidal  limestone,  and  to  distinguish  it  from  a  crinoidal 
layer  in  the  Comiferous,  as  the  Upper  Crinoidal  limestone.  It  is  an 
important  formation,  and  while  not  very  thick  it  is  very  persistent, 
stretching  from  the  Falls  as  far  north  as  the  writer  has  investigated, 
that  is,  to  the  lower  edge  of  Decatur  County.  In  that  region  a  stone 
occupying  a  similar  stratigraphic  position  has  been  quarried  and  mar- 
keted under  the  title  of  the  brown  stone,  or  the  North  Vernon  Blue 
stone.  It  seems  undesirable  to  perpetuate  this  name,  however,  as 
more  than  one  formation  has  been  sold  under  that  title,  and  more- 
over, the  stone  as  sold  is  not  the  typical  facies  of  the  formation. 

Recently  E.  M.  Kindle,  in  the  paper  referred  to  above,  has  pro- 
posed the  name  Sellersburg  beds  to  include  both  the  Crinoidal  and 
the  Hydraulic  limestones.  The  disparity  in  chemical  composition  and 
lithologic  appearance  of  these  two  formations  warrants  the  use,  we 
think,  of  separate  names,  and  for  convenience  of  treatment  we  have 
adopted  different  names  in  this  report.  We  have  retained  the  term 
Sellersburg  limestone,  but  have  limited  its  application  as  noted  in  the 
beginning  of  this  paragraph. 

Any  outcrop  or  quarry  in  the  vicinity  which  exposes  both  the 
Black  shale  and  the  cement  rock  will  also  expose  from  five  to  eight 
and  rarely  10  feet  of  the  Sellersburg  limestone.  In  rare  instances, 
however,  the  Sellersburg  limestone  is  absent  from  the  section,  notably 
in  those  given  for  the  Ohio  Valley  Cement  Co,  quarry  and  the  quarry 
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of  the  Standard  Cement  Co,  In  such  cases  there  is  an  excessive 
thickness  of  the  Silver  Creek  limestone,  which  comes  about  by  the 
addition  on  top  of  several  feet  of  the  calcareous  cherty  bastard  rock. 
It  indicates  that  in  localities  the  deposition  conditions  of  the  cement 
rock  prevailed  on  through  the  time  of  deposition  of  the  Sellersburg 
limestone. 

It  will  be  noticed  in  the  detailed  sections  in  the  pages  following 
that  at  or  near  the  base  of  the  Sellersburg  limestone  there  is  gener- 
ally a  conglomeritic  band  marked  by  small  shining  black  pebbles,  of 
which  the  interior  is  a  dull  drab  color.  In  very  rare  instances  frag- 
ments of  fossils  are  found  in  these  pebbles,  notably  the  characteristic 
Chonetes  yandellus.  Frequently  the  basaJ  portion  of  the  limestone 
is  sandy  and  occasionally  there  is  a  definite  arenaceous  stratum  in- 
tercalated between  the  cement  rock  and  the  Sellersburg  limestone, 
and  in  this  the  pebbles  will  be  especially  abundant.  These  pebbles 
are  clearly  rounded  and  waterworn,  and,  coming  as  they  do,  in  the 
sandy  matrix,  the  natural  conclusion  is  that  they  represent  a  basal 
conglomerate  formed  by  the  beating  of  the  waves  upon  the  *n[)astard*' 
layers  of  the  cement  rock,  wearing  away  the  more  calcareous  por- 
tions and  rounding  down  the  siliceous  concretions  to  the  shape  of 
the  pebbles,  at  the  same  time  staining  them  a  dark  color.  However, 
the  chemical  composition  of  the  pebbles  presents  a  serious  objection 
to  this  view.  Qualitative  tests  show  that  they  are  highly  phosphatic. 
But  the  concretionary  masses  in  the  *T)astard"  layers  of  the  cement 
rock  are  siliceous,  sometimes  pure  flint,  and  are  not  phosphatic  to 
more  than  a  barely  appreciable  extent.  For  the  present  the  origin 
of  the  pebbles  must  remain  in  abeyance. 

In  this  connection  it  is  interesting  to  note  that  the  black  nodular 
phosphates  of  Tennessee  described  by  Hayes*  have  pebbles  very 
much  as  these,  and  occupy  very  much  the  same  stratigraphic  posi- 
tion. Also  that  the  phospate  beds  of  North  Arkansas,  described  by 
Dr.  J.  C.  Rranner,f  have  just  such  pebbles  which  are  the  source  of 
the  phosphate. 

These  phosphatic  pebbles  are  of  economic  interest,  but  not  of  eco- 
nomic importance,  since  it  is  not  probable  that  they  will  be  found 
within  the  State  in  sufficient  abundance  to  justify  exploitation  for 
fertilizing  purposes. 

At  the  top  of  the  limestone  and  coming  between  that  and  the 
black  shale  there  is  almost  invariablv  a  bed  of  iron  ore  about  two 
inches  in  thickness.     Tn  many  places  this  is  conglomeritic,  notably 

•Sixteenth  Ann.  Rep  U.  S.  G.  S.,  1894-5,  Part  IV,  pp.  610-630,  Seventeenth  Ano.  Rep.  U. 
S.  Q.  S.,  1895-6,  Part  II,  pp.  519-550. 

t  Transactions  A.  I.  M.  E.,  Vol.  XXVI,  1896,  pp.  580-598. 
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in  the  side  of  the  cut  which  faces  the  depot  at  Lexington,  Scott 
County.  Here  the  small  pebbles  are  imbedded  in  two  inches  of  solid 
bright  iron  pyrites.  In  other  places  the  iron  bed  is  replaced  by  a 
gritty  calcareous  stratum,  similar  in  all  respects  to  that  beneath  the 
Sellersburg  limestone,  and  bearing  pebbles  indistinguishable  from 
the  pebbles  in  that  fonnation,  except  that  usually  this  conglomerate 
is  more  stained  with  iron  than  that  at  the  base  of  the  limestone.  In 
one  place,  at  1  loss's  Ford  on  the  Muscatatuck  River,  among  the 
pebbles  in  the  upper  conglomerate  was  one  of  a  crystalline  texture, 
which  is  plainly  a  stranger  to  Indiana.  It  might  have  found  its  way 
th-ere  in  the  maw  of  some  fish,  however. 

In  another  place  the  shale  is  separated  from  the  Sellersburg  lime- 
stone by  a  stratum  of  iron  ore  one  inch  in  thickness.  The  top  of  the 
limestone  is  wrinkled  or  wavy  and  in  the  hollows  there  is  collected 
conglomerate. 

As  has  l>een  shown  in  the  review  of  the  literature  on  the  preceding 
pages,  the  (»arlier  custom  was  to  refer  the  whole  limestone  series 
to  the  Upper  Helderberg  or  Corniferous  of  New  York.  Lyon  and 
Casseday  were  tlie  first  to  refer  rocks  (which  we  doubtfully  identify 
with  the  Sellersburg  limestone)  to  the  Hamilton.  But  in  1874  Prof. 
W.  W.  Borden,*  as  above  noted,  gave  a  ta])le  of  correlation  of  which 
the  following  is  part: 

New  Albany  Black  shale \    ? 

Crinoidal  limestone >  Hamilton  Group. 

Hydraulic  limestone ' 

CorniferouR  limestone Corniferous. 

In  the  text  he  makes  it  clear  that  he  is  in  doubt  about  the  age  of 
the  black  shale  because  of  the  lack  of  fossils.  But  one  vear  latert 
he  cites  Leiorliynchus  qundricostatum  ITall,  Choneies  Upidus  Hall, 
Tentaculiics  (Slyliola)  fissurella  Hall  and  Cardiola  radians,  all 
Genessee  species,  from  the  New  Albany  Black  shale  and  refers  it  to 
the  Genessee  period  of  the  Hamilton  group.  From  the  Crinoidal 
limestone  he  cites  Tropidolrplvs  carinafvs  Con.  and  Choneies  ceronatus 
Con.,  two  of  the  three  Hamilton  forms  par  excellence  and  naturally 
reiterates  his  reference  of  this  formation  to  the  Hamilton. 

Prof.  Jas.  Hall,  in  1879,  came  to  the  conclusion  that  the  Crinoidal 
and  Hydraulic  limestones  were  not  Upper  Helderburg  as  he  had 
before  supposed,  and  set  about  showing  that  everj'body  else,  as  well 
as  himself,  had  been  mistaken.  He  quotes  Professor  Borden's  table 
of  correlation  above  from  the  report  of  1873  as  follows: J 

*  Geol.  Surv.  of  Ind .,  1875,  p.  172. 

1 0«ol.  SurT.  of  Ind.,  1874,  pp.  122,  et  seq. 

:  Pal«oiitoloff7  of  Now  York,  Vol.  V,  Part  II,  pp.  13»-1M. 
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New  Albany  Black  shale -v 

Crinoidal  limeBtone >-  ?  Hamilton  Qroup. 

Hydraulic  limestone i 

Corniferoas  limestone Upper  Helderburg  Group. 

Attention  is  called  to  the  position  of  the  interrogation  point.  In 
a  foot  note*  Mr.  Hall  says:  "Since  this  reference  does  not  appear 
in  the  succeeding  reports,  the  view  then  entertained  may  have  been 
subsequently  modified."  This  in  spite  of  the  fact  that  on  the  pre- 
ceding page  he  quotes  Professor  Borden  in  the  report  for  1874  as 
citing  2'ropidolcptiis  mrinalus  and  Chonetes  coronatiLS  Con.  (Hamil- 
ton Group  of  New  York),  as  occurring  in  the  crinoidal  limestone. 
Apparently  Professor  Hall  thought  that  the  author  had  provisionally 
referred  the  formation  to  the  Hamilton,  but  on  finding  it  contained 
Tropidoleptvs  carinatns  and  Chonetes  coronatus  he  had  lost  all  confi- 
dence in  his  correlation  and  was  afraid  to  suggest  another.  It  might 
be  noted  that  Professor  Hall  attributes  the  whole  correlation  to 
Prof.  Cox,  whereas  both  of  the  county  repori;6  referred  to  bear  Pro- 
fessor Borden's  name  at  the  head.  It  is  clear  then  that  to  Prof.  W. 
W.  Borden  is  due  the  honor  of  first  clearly  recognizing  the  Hamil- 
ton age  of  the  Crinoidal  (Sellersburg)  limestone  and  the  Hydraulic 
(Silver  Creek)  limestone. 

Many  lists  of  fossils  from  the  Hamilton  in  the  vicinity  of  the  Falls 
of  the  Ohio  have  been  given,  but  usually  no  distinction  has  been 
made  as  to  whether  they  came  from  the  crinoidal  limestone  or 
the  hydraulic  limestone.  The  following  lists  of  fossils  from  the 
Sellersburg  limestone  arc  appended  with  the  full  knowledge  that 
they  are  far  from  complete  and  might  be  much  extended  by  closer 
and  further  search. 

From  the  Belknap  quarry,  one  mile  south  of  Sellersburg,  were  ob- 
tained the  following  forms: 

Stropheodonta  perplana  Con.  Atrypa  retlexdaru  Linn. 

StropJieodonta  conmva  Hall.  Capvln^  dumosum  Con. 

StropJieodonta  demissa  Con.  Orthonychia  conicum  Hall. 

Spirifer  hobbsi  Nett.  Platyostoma  lineatum  Con. 

Spirifer  granvlosus  Con  Pha^^ops  rana  Green. 

Spirifer  audacuhis  Con.  Proetus  macrocephalus  Hall. 

Rhipidomella  vanuxemi  Hall.  Proetus  sp?  (large  pygidium  only). 

Camarotoechia  mppho  Hall.  Diphyphyllum  sp? 

Centronellu  impressa  Hall.  Zophrentis  sp? 

Pentagonia  utmidcata  Con.  CriDoid  stems. 

Productell  t  npinulicosta  Hall.  Bryozoa,  several  genera. 
Pholldostrophia  iowaensis  Owen, 

^Lqc.  qU.,  p.  154. 
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From  the  Sellersburg  limestone  overlying  the  cement  rock  in  the 
quarry  of  the  Indiana  Cement  Co.,  two  miles  south  of  Charlestown, 
the  following  species  were  collected: 

Megistocrinus  ruganis  L.  and  C.  Athyrxs  ftdtonemis  Swal. 

Ancyrocrinus  bulbosus  Hall.  Orthonydda  contcum  Hall. 

Oennaeoerinus  kentuckiensis  8b um.       Pleurotomaria^  sp. 

The  Silver  Creek  Hydraulic  Limestone  lies  beneath  the  Sellersburg 
limestone,  and  between  it  and  the  Jeffersonville  limestone  and  is 
thus  the  lower  part  of  the  Sellersburg  beds  of  Kindle.  It  ranges  in 
thickness  from  15  or  16  feet  in  the  Silver  Creek  region,  to  eight  or 
10  feet  in  the  Charlestown  region,  and  five  or  six  feet  in  the  vicinity 
of  Lexington,  thinning  out  rapidly  to  the  north  and  disappearing 
altogether  as  a  persistent  formation  in  the  northern  part  of  Scott 
County.  It  receives  its  name  from  the  fact  that  it  is  typically  de- 
veloped in  the  vicinity  of  Silver  Creek,  in  Clark  County,  Indiana. 
Furthermore,  the  first  cement  sold  under  a  special  name  was  called 
the  Silver  Creek  cement;  hence  the  name  is  quite  fitting.  It  is  a 
homogenous,  fine-grained,  bluish  to  drab*  argillaceous  magnesian 
limestone,  the  calcined  form  of  which  has  the  property  of 
hydraulicity. 

As  the  texture  and  composition  of  this  rock  aire  taken  up  in  detail 
in  another  place,  we  will  not  concern  ourselves  further  with  their 
consideration  at  this  point. 

The  first  attempt  at  correlating  this  formation  with  those  of  the 
East  was  made  by  James  Hall  in  1841,  when  he  correlated  the 
Hydraulic  limestone  with  the  water-lime  (Onondaga)  and  the  Sellers- 
burg limestone  with  the  Helderburg.  This  was  soon  shown  to  be 
an  error,  and  in  time  the  Hamilton  age  of  the  formation  was  recog- 
nized. Though  even  yet  the  descriptive  articles  in  the  statistical 
publications  generally  put  down  the  Silver  Creek  limestone  and  the 
Milwaukee  Hydraulic  limestone  as  of  Upper  Silurian  age.  As  shown 
by  the  fossils  the  age  of  this  formation  is  the  same  as  that  of  the 
Sellersburg  limestone,  and  what  has  been  said  in  regard  to  the  con- 
troversy over  the  age  of  the  latter  applies  as  well  to  the  Silver  Creek 
limestone.  The  most  characteristic  fossil  is  the  little  Chonetes 
yandellanus  Hall,  which  is  found  in  great  numbers  everywhere  in 
this  limestone.  Atrypa  reticularis  and  Spirifer  granulosus  are  also 
abundant  both  in  this  limestone  and  in  the  Sellersburg  limestone. 

Hall  gives  a  list  of  90  species  occurring  in  the  Crinoidal  (Sellers- 
burg) and  Hydraulic  (Silver  Creek)  limestones;  but  in  the  list  the  two 
faunas  were  not  separated.    In  connection  with  this  investigation 
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collections  have  been  made  from  the  cement  rock  at  different  points 
in  the  neighborhood  of  Sellersburg,  and  a  list  of  the  species  found 
is  here  appended: 

Chanetes  yandellanua  Hall.  Stropheodonfa  eoncava  Hall. 

Tropidoleptus  carinatiLS  Con.  Stroplieodonta  perplana  Con. 

Atrypa  reticularis  Linn.  Camarotoechia  mpphof  Hall. 

Spirifer  fomactda  Hall  Avicidopecten  prineeps  Con. 

Spirifer  granvloius  Con.  Phacops  bufof  (pygidium  only). 
Spirifer  variaosus  Hall. 

The  Jeffersonville  limestone  is  that  mass  of  white  to  bluish  gray, 
crystalline,  fossiliferous,  flaggj^  limestone  lying  below  the  Silver 
Creek  limestone  and  above  the  Niagara.  It  has  a  thickness  of  22 
to  30  feet  in  the  region  of  Clark  County,  but  gets  much  thicker  to 
the  north,  ranging  up  to  50  and  60  feet  in  the  neighborhood  of 
North  Vernon. 

This  limestone  has  long  been  recognized  as  Comiferous  in  age, 
and  until  recently  has  always  been  referred  to  as  the  Comiferous. 
In  the  paper  by  Mr.  Kindle,  however,  which  has  been  cited  above, 
the  formation  is  called  the  Jeffersonville  limestone  from  the  fact 
that  it  is  typically  exposed  at  the  Falls  of  the  Ohio,  near  that  city, 
which  has  long  been  a  favorite  collecting  ground  for  Comiferous 
fossils.  As  has  been  noted  on  a  preceding  page,  Major  Lyon  sub- 
divided the  rocks  of  this*  formation  into  several  beds  characterized 
by  the  predominance  of  certain  fossils.  It  has  not  been  feasible 
or  possible  in  this  investigation  to  carry  out  these  subdivisions,  but 
they  do  not  militate  against  the  employment  of  the  larger  geographi- 
cal name. 

The  upper  inoniber  of  the  Jeffersonville  limestone  is  marked  by 
ilie  abundant  occurrence  of  Spirifer  acuminafus,  Stroplieodonta 
demissa  and  Stroplieodonta  hemispherica. 

The  following  species  were  collected  from  the  Jeffersonville  lime- 
stone immediatelv  ])cneath  the  Silver  Creek  limestone  where  it  out- 
crops  in  the  road  in  the  western  corner  of  Section  113,  two  miles 
northeast  of  Sellersburg:* 

Spirifer  acuminaius  Con.  OlyptodesTtia  erectum  Con. 

Spirifer  fomaeula  Hall.  Capulus  dumosum  Con. 

Stroplieodonta  coneava  Hall.  Euomphcdus  deceivi  Bill. 

Stroplieodonta  demissa  Con.  Belleroplion  sp? 

Stroplieodonta  perplana  Con.  Favosiies  hemispliericus  Troost. 

Schizophoria  propinqua  Hall.  Zaphrentis  gigantea  Lesueur. 


*  A  leotioB  of  the  rocki  at  this  point  ii  given  on  page  352. 
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Rhipidomella  vanuxemi  Hall. 
Atrypa  reticularis  LIdd. 
Athyris  JvUonenm  Swallow. 
Paracyclas  ellipiica  Hall. 


PhaoopB  cristata  Hall. 
Pro'ebu  crassimarginatust  Hall. 
Bryozoa,  several  genera. 
Fish  teeth. 


In  the  west  bank  of  Silver  Creek  by  the  side  of  the  Sellersburg 
and  Watson  road,  at  a  distance  of  10  to  15  feet  below  tlie  top  of  the 
Jeffersonville  limestone,  the  following  forms  are  found: 


Spirifer  gregarius  Clap  p. 
Spirifer  Jomacxda  Hall. 
Spirifer  acuminatus  Cun. 
Chmietea  mvcronatusf  Hall. 
Atrypa  reticularis  Lino. 
Stropheodonta  perjfdana  Con. 
Stropheodonta  concava  Hall. 
Stropheodonta  deniissa  Con. 
Athyris  fvltonensis  Swallow. 
Gamarotoechia  sapphof  Hall. 
Leptaena  rhomboidalis  Wilckens. 
Rhipidomella  vanuxemi  Hall. 


Glyptddesma  erectum  Con. 
Amculopeeten  princeps  Con. 
Paracydas  elliptica  Hall. 
BeUerophon  pelopsf  Hall. 
Euomphalus  decern  Billings. 
Turbo  shumardi  Verneuil. 
Loxonema  sp? 
Dalnianites  {Coronura)  aspectans 

Con. 
Zaphrentis  gigantea  Lesueur. 
Br^ozoa,  several  genera. 
Crinoid  stems  and  plates. 


Pendleton  Sandstone. — This  formation  was  named  by  Prof.  E.  T. 
Cox  in  1869,*  from  the  village  of  Pendleton,  Madison  County,  In- 
diana, where  it  is  best  exposed.  He  more  fully  described  it  in 
1878. f  It  consists  of  15  feet  of  heavy-bedded  soft  white  sandstone, 
the  upper  part  of  which  is  fossiliferous.  Above  are  the  fossiliferous 
limestones  of  the  Corniferous  and  below,  those  of  the  Niagara.  The 
fossils  listed  from  this  sandstone  at  the  original  locality  are  as 
follows: 


Spirifer  jimbriata. 
Spirifer  umhon<jia 
Conocardium  trigonale 
Zaphrentis  gigantea. 


Pleurotomaria  sp? 
DiphyphyUum  ca^espitorumf 
Cladopora  fibrosa  f 
Tentacvlites  scalariformis. 


Professor  Hall  J  has  pronounced  the  fossils  to  be  of  the  age  of  the 
Schoharie  Grit  of  New  York,  the  basal  portion  of  the  Corniferous. 
These  rocks  are  described  from  Huntington  and  Madison  counties. 

Well  sections  in  the  neigliborhood  of  Alert,  Decatur  County,  show 
several  feet  of  sandstone  at  about  the  right  stratigraphic  position  to 
be  the  equivalent  of  the  Pendleton  sandstone. 


*  Geolotfical  Survey  of  Indiana,  1869,  p.  7. 

t  Geological  Survey  of  Indiana,  1878,  pp.  60-62. 

t  Log.  cit.,  p.  60,  foot-note. 
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Just  over  the  Waldron  shale^  the  uppermost  member  of  the  Silu- 
rian, on  Huckleberry  Branch  in  section  31  of  township  7  north,  range 
9  east,  is  found  a  bed  of  four  feet  of  heavy  yellow  sandstone,  the 
lower  part  of  which  is  dark  blue  when  freshly  broken,  and  has  a  fetid 
smell.  The  upper  part  is  fossiliferous,  containing  Atrypa  reticulariSy 
Zaphrentis  and  Cyathophylloid  corals  and  is  somewhat  conglom- 
eritic  in  places,  with  small  quartz  pebbles.  Down  stream  some 
distance  the  Waldron  shale  is  underlain  by  the  argillaceous  lime- 
stone which  contains  characteristic  Niagara  forms  of  Orthoceras, 
Pentamerus,  Caryocrinus,  etc. 

A  similar  sandstone,  not  known  to  be  fossiliferouB,  showis  at  the 
north  end  of  the  bridge  over  Graham's  Creek,  in  the  southeast  quar- 
ter of  section  30,  township  6  north,  range  9  east. 

These  sandstones  are  tentatively  held  to  represent  the  Pendleton 
sandstone  and  to  mark  the  lower  limit  of  the  Devonian. 

Upper  and  Lower  Silurian, — The  rocks  of  these  groups  have  been 
recently  studied  in  Indiana  by  Aug.  F.  Foerste,  to  whose  papers  in 
the  Twenty-first  and  Twenty-fourth  reports  of  this  Department  the 
reader  is  referred  for  the  details  of  distribution  and  geologic 
structure. 


LOCAL  DETAILS  OF  THE  DISTRIBUTION  AND   STRUCTURE   OF 
THE  SILVER  CREEK  HYDRAULIC  LIMESFONE. 

Clark  County. 

River  Region. — The  cement  rock  crops  out  for  150  yards  up  and 
down  the  river  bank  bv  the  site  of  the  old  Beach  Mill,  a  section  at 
which  is  as  follows: 

Ft.  In, 

Heavy  bedded  bluish-gray  limestone 3  0 

Gritty  limestone  with  black  pebbles  in  bottom 2  6 

Cement  rock  with  chert  and  lime  "blotches" 1  r> 

Cement  rock 10  0 

Shaly  limestone  with  Spirifer  acuminatus 1  0 

Massive  shaly  limestone 3  0 

The  shalv  limestone  shows  a  thickness  of  10  or  12  feet  on  the 
point  where  the  U.  S.  Government  is  blasting,  between  the  Whirl- 
pool and  the  Big  Eddy.  It  is  underlain  by  seven  or  eight  feet  of 
heavy  crystalline  limestone  with  many  corals,  which  is  the  coralline 
bed  of  the  Comiferous  (Jefferson ville  limestone.) 

Two  feet  of  cement  rock  with  Chonetes  yandellanus  outcrops  at 
the  mouth  of  the  sewer  which  empties  into  the  Ohio  about  400  yards 
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above  the  Indiana  end  of  the  middle  bridge.  From  its  position  it 
must  overlie  the  six  feet  of  massive  shaly  limestone  with  Spirifer 
acuminatus  and  Stropheodonta  hemispherica  which  shows  in  the  bank 
a  little  way  down  the  river.  This  last  must  correspond  to  10  or  12 
feet  of  similar  rock  mentioned  above  as  cropping  out  on  the  point 
between  the  Whirlpool  and  the  Big  Eddy.  Between  these  two  out- 
crops, on  Whirlpool  Point,  the  underiying  coralline  limestone  shows 
to  a  thickness  of  about  20  feet  and  about  midway  the  Spirifer  gre- 
garius  bed  occurs.  The  river  cuts  across  a  small  anticline  20  to  25 
feet  in  height. 

Cemient  rock  is  also  reported  to  occur  at  the  foot  of  Broadway 
street,  Jeffersonville,  and  under  the  Indiana  end  of  the  upper  bridge. 

The  county  quarry  in  the  north  half  of  section  11  shows  this 

section: 

Ft.  In. 

Soil,  red  loam 3  0 

Bluish  shale,  decomposed 1  0 

Ferruginous  shale,  decomposed 2  0 

Black,  lignite-like  band 1  0 

Hard  buff  fetid  limestone,  conchoidal  fracture 2  0 

Bastard  cement  with  many  chert  bands 6  0 

Concealed  below. 

At  the  forks  of  the  road  by  the  cemetery  one  mile  east  of  Watson 

the  following  section  is  exposed: 

Ft.  In. 

Soil  and  cherty  slag 3  0 

Bastard  rock,  with  characteristic  fossils 0  0 

Shaly  cement  rock 1  0 

Cement  rock,   fossiliferous 9  0 

Shaly   limestone 2  0 

Soft  impure  limestone 0  4 

Crystalline   limestone 20  0 

Tlie  shaly  limestone  below  the  cement  carries  Stropheodonta 
demissa,  Athyris  fnUonensis  and  Spirifer  audaculus.  The  four-inch 
band  of  limestone  furnishes  a  large  gastropod  and  pebbles  similar 
to  those  at  base  of  New  Albany  Black  shale  and  Sellersburg  lime- 
stone, except  that  they  are  rather  larger  and  not  so  well  rounded. 

One  mile  northeast,  along  the  section  line,  300  yards  west  of  the 
schoolhouse,  four  or  five  feet  of  the  cement  rock  shows,  overlaid  by 
chert;  northwest  along  the  road,  the  cement  passes  over  into  bastard 
rock  and  disappears  altogether  on  the  north  side  of  the  branch  in 
the  same  section.  The  branch  valley  cuts  down  through  some  20 
feet  of  the  Jeffersonville  limestone. 
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Near  a  spring  in  the  western  part  of  section  39,  the  cement,  char- 
acterized by  Chonetes  yandellanus,  shows  to  a  depth  of  five  feet  and 
is  underlain  by  the  Stropheodonta  demissa  bed  and  overlain  by  six  to 
eight  feet  of  mixed  chert  and  drab  limestone. 

At  forks  of  road  in  south  corner  of  section  53  there  are  indica- 
tions of  shale  overlying  three  to  four  feet  of  chert  and  gray  lime- 
stone which  is  underiain  by  two  feet  of  somewhat  fetid,  fine-grained 
drab  limestone,  blue  on  unweathered  surface,  containing  Chonetes 
yandellanus.    The  bottom  of  the  ledge  is  concealed. 

Between  this  point  and  Charlestown  the  outcrop  traverses  the  top 
of  a  flat  ridge  and  is  concealed  by  soil  and  drift  so  that  it  can  be 
determined  only  in  a  general  sori:  of  way. 

Silver  Creek  Region. — The  cement  rock  disappears  beneatli  the 
New  Albanv  Black  shale  in  the  bed  of  Silver  Creek  about  a  mile 
below  the  Black  Diamond  mill.  It  has  its  outcrop  in  the  slopes  of 
the  west  bank  of  the  creek  and  in  the  tributaries  which  come  in 
from  the  west  as  far  up  as  the  lower  side  of  section  85,  where  it 
finally  disappears  beneath  the  Black  shale.  In  the  descriptions  of 
the  properiiies  of  the  firms  engaged  in  the  manufacture  of  this  ce- 
ment will  be  found  sections  of  the  Black  Diamond,  Banner,  Hoosier, 
Globe,  Belknap,  Now  Albany,  Golden  Rule,  Speed's  and  Haussdale 
quarries.  An  examination  of  those  in  their  proper  order  will  give 
a  clear  idea  of  the  eharaetor  of  the  cement  ledge  on  the  west  bank 
of  Silver  Creek.  To  these  mav  be  added  a  section  observed  near 
the  west  bank  of  Iho  crook  near  the  center  of  section  168: 

Soil  and  drift 8  to  10  feet. 

CrystaUIne   limestone 3  feet. 

Cement 10  feet. 

The  bottom  of  the  cement  must  be  about  level  with  the  bed  of  the 
creek. 

The  details  of  the  distribution  may  be  gained  from  the  general 
map  appended  to  the  report. 

The  cement  rock  shows  to  a  depth  of  six  or  eight  feet  just  north 
of  Stony  Point  church,  on  the  north  bank  of  Stinking  Fork  Creek, 
in  the  west  corner  of  section  152.  Tt  is  underlain  by  the  Strophe- 
odonta demissa  bod  and  overlain  bv  drift.  Cement  rock  shows  500 
vards  west  on  the  road  to  Silver  Crook  church  and  in  the  road  one- 
half  mile  northwest  of  Stony  Point  church. 

C'Omont  rock  with  a  covering  of  Sellersburg  limestone  shows  in 
the  road  near  the  creek  in  the  east  corner  of  section  170.  The  full 
thickness  can  not  be  seen  as  the  bottom  is  concealed. 
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In  the  east  corner  of  section  190,  the  Sellersburg  limestone  shows 
a  thickness  of  five  feet  below  the  shale.  The  lower  part  of  the 
ledge  is  sandy.  The  cement  rock  crops  out  below  several  feet  in 
thickness,  but  the  bottom  of  the  ledge  can  not  be  seen. 

Along  the  road  between  sections  153  and  154,  and  sections  171 
and  172  the  cement  rock  shows  beneath  the  shale  to  a  depth  of  five 
or  six  feet  without  the  full  thickness  being  exposed. 

In  the  side  of  the  slope  to  the  small  drain  which  crosses  the  road 
near  the  center  of  section  154  this  section  is  seen: 

New  Albany  black  shale 12  to  15  feet. 

Bastard  limestone 8  feet. 

Cement   rock 12  feet. 

A  small  brook  which  crosses  the  road  in  the  western  part  of  sec- 
tion 136  exposes  cement  eight  to  ten  feet  overlain  by  50+  feet  of 
Black  shale.  A  mile  west  along  the  same  road  in  the  south  corner 
of  section  153  the  cement  rock  has  a  thickness  of  10  feet  as  ex- 
posed. At  the  angle  in  the  road  in  the  north  central  part  of  section 
134  ihe  following  section  is  seen: 

New  Albany  black  shale 15  feet. 

Gray  crystalline  limestone .3  feet. 

Bastard  limestone  with  chert l\  feet. 

Cement   rock 5  feet. 

The  bottom  of  the  cement  ledge  is  not  exposed,  but  down  the 
braDch  at  the  same  level  shaly  limestoaie  shows,  with  Stropheodonia 
demissa  and  Clwneies  yandellanus  very  plentiful.  The  Chonetes  is 
also  present  in  the  cement  rock. 

One-half  mile  west  of  the  above  section  in  the  west  corner  of  sec- 
tion 134  the  cement  shows  a  thickness  of  10  or  11  feet,  underlain 
by  ihe  Stropheodoriia  demissa  bed.  The  cement  is  apparently  of  good 
fjuality  and  there  would  be  little  stripping  in  the  neighborhood. 

The  road  leading  west  from  the  last  station  between  sections  133 
and  151  shows  thickness  of  cement  of  six  and  eight  feet  without 
the  bottom  being  exposed.  As  shown  on  the  map  large  areas  here 
would  have  only  dirt  stripping  and  would  be  found  of  good  quality. 

A  well  on  the  land  of  A.  V.  Ifauss  in  the  south  corner  of  section 
151  was  as  follows: 

Soil  and  clay 8  feet. 

Cement   rock  10  feet. 

Crystalline  limestone 3  feet. 
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A  section  of  Speed's  new  quarry  is  given  in  ttie  description  of 
that  property.  (See  p.  385.)  The  knoll  just  south  of  the  quarry 
shows  a  thickness  of  20  feet  of  Black  shale. 

Further  south  along  the  same  road  near  its  intersection  with  the 
road  on  the  line  between  sections  113-132  we  get  this  section: 

New  Albany  black  shale 2  feet. 

Gray  crystalline  limestone  with  pebbles  at  base 3  feet. 

Gritty  buflf  cement  rock 6  feet. 

Fine-grained  buflf  cement  rock 8  feet. 

Crystalline  limestone 20  feet. 

A  list  of  fossils  found  in  the  crystalline  (Jeflfersonville)  limestone 
immediately  beneath  the  cement  rock  is  given  on  page  346. 

In  section  68  the  creek  bluff  shows  a  section  of  the  Charlestown 
limestone  28  to  30  feet  in  thickness. 

At  the  east  comer  of  section  49  we  get  the  section: 

Ft.  In. 

Siliceous  limestone 1  G 

Crystalline   limestone 2  0 

Cement  rock 4  to    G 

The  bottom  of  the  cement  rock  is  not  shown. 

Sections  at  the  quarries  of  the  Ohio  Valley  Cement  Co.,  Silver 
Creek  Cement  Co.,  Kentucky  and  Indiana  Cement  Co.,  and  the  Queen 
City  Cement  Co.,  will  be  given  in  the  descriptions  of  those  prop- 
erties. 

A  section  at  the  county  quarry  near  the  center  of  section  24  gives 
the  following: 

Soil  1  foot. 

New  Albany  black  shale 3  feet. 

Pine  grained  crystalline  limestone 5  feet. 

Bastard  black  limestone  witli  chert 5  feet. 

Cement  below. 

Three  hundred  yards  north  of  the  crossing  of  the  B.  &  0.  Railway 
and  the  road  on  the  line  between  sections  51  and  52  there  is  an  out- 
crop of  cement  rock  as  follows: 

New  Albany  black  shale 6  feet. 

Heavy  blue  crystalline  limestone 10  feet. 

Cement  rock  with  Chonetes  yandellanus 5  feet. 

The  section  is  underlain  by  the  Stropheodonta  demiaaa  bed. 
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At  the  northeast  comer  of  section  51  the  cement  has  thickened  to 
8  feet,  and  a  half  mile  further  on  to  10  feet.  Six  hundred  yards 
southwest  of  the  east  comer  of  section  134  we  have  this  section: 

New  Albany  black  shale 2  feet. 

Gray  crystalline  limestone 2  feet. 

Chert   3  feet 

Cement  rock,  fair  quality 10  feet. 

Near  the  middle  of  the  southeast  side  of  section  114  a  well  section 
is  as  follows: 

Soil  10  feet. 

New  Albany  black  shale 1  foot. 

Bastard  rock 4  feet. 

Cement  rock 7  feet. 

At  the  angle  in  the  road  near  the  center  of  section  94  there  is  the 
following  exposure: 

Soil  3  feet. 

Bastard  rock 7  feet. 

Cement   rock 7  feet. 

In  the  south  corner  of  section  110  the  exposure  is  as  follows: 

Soil  3  feet. 

New  Albany  black  shale 2  feet. 

Bastard  rock 5  feet. 

( .ement   rock 8  feet. 

Continuing  on  toward  Charlestown  the  Black  shale  shows  a  thick- 
ness of  35  or  40  feet. 

On  the  north  bank  of  Pleasant  Run  on  the  line  between  sections 
llC)  and  117  this  section  is  shown: 

Black   shale 2  ft»et. 

Residual  chert  on  surface i\  feet. 

Cement   rook  10  feet. 

Heavy  gray  crystalline  limestone 2  feet. 

Shaly  gray  crystalline  limestone 2  feet. 

Heavy  gray  crystalline  limestone 2  feet. 

Heavy  limestone  to  bed  of  creek 25  feet. 

( 'oralline  limestone  in  creek 0  feet. 

Along  the  road  which  runs  up  Pleasant  Run  a  half  mile  northwest 
of  Charlestown  there  is  an  exposure  of  cement  rock  seven  feet  in 
thickness,  overlain  by  cherty  rock,  of  which  one  foot  is  visible.  The 
cement  rock  contains  many  Spirifer  granulosus  and  Chonetes  yan- 
deUanus. 

2S— Geol. 
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A  well  at  A.  C.  Smith's  on  the  highest  part  of  West  Charlestown 
yielded  this  section: 

Soil  and  clay G  feet 

Rotten  black  shale 2  feet 

Bastard  rock  with  chert 4  feet 

Gray  crystalline  limestone 1  foot. 

Cement  rock  below ? 

South  and  East  of  Charlestown. — At  the  north  corner  of  section 
74,  as  well  as  further  south  in  the  same  section  and  other  high 
points  in  the  neighborhood,  the  limestone  contains  Stropheodonta 
detfiissa  and  probably  comes  just  beneath  the  cement  rock  of  which 
no  sign  appears. 

At  the  east  edge  of  the  town  of  Charlestown  on  the  New  Washing- 
ton road  a  well  at  the  house  of  Mr.  Jas.  A.  Johnson  gave  this  section: 

Soil  and  clay 10  feet 

Cement  rock 14  feet. 

Hard  limestone 8  feet 

Just  east  of  Mr.  Johnson's  the  drain  exposes  10  feet  of  massive 
shaly  limestone  containing  Stropheodonta  demissa. 

Where  the  road  crosses  the  stream  in  section  119  the  Jeflfersonville 
limestone  is  exposed  to  a  thickness  of  20  feet. 

North  of  where  the  road  crosses  Nine  Penny  Branch  in  section  138 
this  section  is  exposed: 

Son  10  to  12  feet. 

*  Bastard  rock 5  feet. 

Sandy    limestone 5  feet. 

Cement   rock 8  feet. 

A  section  of  the  Standard  Cement  Co.'s  quarry  is  given  under 
the  description  of  that  property.  Near  the  center  of  section  157  is 
this  section: 

Shale ir)  feet. 

Sandy  crystalline  limestone 12  feet. 

Cement   rock (>  feet. 

Heavy  bedded  crystalline  limestone 12  feet. 

Fine  grained  drab  limestone 20  feet. 

In  the  western  corner  of  section  157  the  following  is  exposed: 

New  Albany  black  shale 2f  feet. 

Hastard  rock  with  much  flint 4     feet. 

Cement  rock  with  Chonetes  yandellanus G    feet. 

Jeffersonville  limestone 2-1-  feet 
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Where  the  road  goes  up  the  hill  in  the  south  comer  of  section  176 
we  get  this  section: 

Drift  .. : 8  to  10  feet. 

Shale ?  feet. 

Cement  rock,  shaly 9  feet. 

JefTersonville  limestone 25  feet 

At  the  forks  of  the  road  near  the  center  of  section  177  this  is  the 

section: 

Ft,  In, 

TiU  4  to    5 

New  Albany  black  shale 10 

Gray  crystalline  limestone 1  8 

Shaly  buff  cement 8 

Shaly  crystalline  limestone 12 

The  bed  below  the  cement  shows  Spirifer  acurninaius  and  Stropheo- 
donta  dcmiesa. 

One-half  mile  southeast  of  New  Market,  where  the  road  goes  up 
the  hill,  this  section  is  exposed: 

Ft.  In, 

Drift 8  to  10  0 

New  Albany  black  shale 0  fi 

Hard  ^ray  crystalline  limestone 4  0 

Huff  cement  rock  with  Chonetes  yandellanus 12  0 

Tho  limestone  beneath  the  cement  shows  Stropheodonta  demi&sa. 

At  two  places  along  the  road  between  Runyon  postoffice  and  Four- 
teen Mile  Creek,  at  the  forks  of  the  road  one-half  mile  east  of  Run- 
yon postoffice,  is  a  fine  grained  drab  limestone  containing  Chonetes 
yandeUanus  in  abundance  and  Spirifer  gregarius.  It  is  overlain  by 
about  a  foot  of  fossiliferous  shaly  limestone  and  underlain  by  cherty 
limestone. 

A  limestone  similar  in  all  respects  outcrops  in  the  road  at  the  east 
corner  of  section  123.  It  is  overlain  by  12  to  14  inches  of  impure 
limestone  with  ('honcies  yandeUanus  and  Spirifer  gregarius  and  un- 
(1(Tl«nin  by  a  lough  dark  fetid  limestone. 

At  the  big  spring  near  the  center  of  section  163  there  is  this  sec- 
tion: 

Shaly  crystalline  limestone 2  feet. 

Drab  fine-Krained  fetid  cement  rock 5  feet. 

Heavy  bedded  crystalline  limestone 4  feet. 

The  overlying  limestone  contains  a  great  many  Spirifer  gregarius 
and  some  Chonetes  yandeUanus,  Euomphalus,  Stropheodonta,  etc.  The 
lower  two  feet  contains  a  great  many  corals. 
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Near  where  the  New  Washington-Charlestown  road  crosses  the 
northeast  line  of  Clark^s  Grant  there  is  an  outcrop  of  eight  feet 
of  drah  fetid  limestone  with  a  few  corals,  which  appears  to  belong  to 
the  massive  magnesian  limestone  which  overlies  the  Waldron  shale 
in  this  region. 

In  the  branch  just  south  of  New  Washington  is  the  following  sec- 
tion: 

Crystalline  gray  limestone 4  feet. 

Drab  fetid  fine-grained  limestone 18  feet. 

Yellow  clay  shale 3  feet. 

The  drab  limestone  seems  to  correspond  to  the  limestone  described 
in  the  preceding  paragraphs  and  the  yellow  shale  possibly  represents 
the  Waldron  shale. 

In  the  south  corner  of  section  214  there  is  this  exposure: 

New  Albany  black  shale 5  to  20  feet. 

Cement  rock 8  to  10. feet. 

The  cement  rock  shows  thin  whit-e  streaks  which  contain  Chonetes 
yandellanvs,  Fenestelhy  Spirifer  granulosus,  etc. 

In  the  east  corner  of  section  196,  the  cement  rock  with  a  thick- 
ness of  seven  feet,  is  overlain  by  shale  and  underlain  by  shaly  lime- 
stone. Tli(»  upper  four  feet  of  the  cement  is  a  drab  impure  rock 
carrying  Chonetes  yan  dell  anus,  Siropheodonta  hemispherical  Spirifers, 
and  a  Trilobite. 

Fetid  limestone,  overlain  by  chert  and  containing  many  Chonetes 
yandellanus,  outcTops  on  the  New  Market- Washington  road  200  yards 
west  of  the  bridge  over  Fourteen  Mile  Creek,  and  prolmbly  represents 
the  cement  rock. 

C-ement  rock  crops  out  a  few  feet  in  thickness  at  differtmt  places 
along  the  West  Fork  of  Fourteen  Mile  (Veek  to  Justice  postoffice, 
where  the  following  section  is  had: 

Ft.  In. 

Tin  and  drift 0  to  8  0 

New  Albany  black  sheety  shale 2  0 

Bluish  gray  crystalline  limestone 1  0 

Iron  ore 0  3 

Cement  rock 8  0 

Shaly  limestone 4  0 
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The  cement  rock  crops  out  in  the  West  Fork  of  Fourteen  Mile 
Creek  on  up  to  the  village  of  Chelsea.  The  limestone  towards  the 
northeast  becomes  much  more  impure  and  argillaceous,  and  is  tougher 
and  does  not  break  with  a  conchoidal  fracture,  as  may  be  seen  where 
the  road  leading  south  from  Chelsea  postoflBce  crosses  the  tributaries  of 
Fourteen  Mile  Creek. 

The  eastern  limit  of  the  Sellersburg  limestone  traverses  the  flat 
ridge  to  the  east  of  Chelsea,  which  is  covered  with  a  depth  of  from  12 
to  40  feet  of  soil  and  drift.  Outcrops  do  not  occur,  so  the  distribu- 
tion must  be  gotten  from  well  sections  which  distinguish  only  bo- 
twccn  shale  and  limestone.  The  line  as  laid  down  on  the  map  is 
from  such  data. 

Lp.rinpton  and  Vicinity. — One  mile  east  of  Lexington,  in  the  south 
bill  ft  of  Town  Creek,  in  the  northeast  quarter  of  the  northwest 
quarter  of  section  2,  township  2  north.  8  east,  the  cement  shows 
five  or  six  feet  in  thickness,  overlain  directly  by  the  Black  shale 
and  underlain  by  shaly  limestone  in  the  bed  of  the  branch.  Five 
hundred  yards  down  the  creek  toward  Ijexington  the  ledge  has  in- 
creased in  thickness  to  seven  feet. 

Opposite  the  B.  &  0.  S.-W.  depot  in  Lexington  this  section  occurs: 

Ft,  In. 

Soil    2  0 

New  Albany  black  shale 10  0 

Forni^inoiis    conjjlomerate 0  3 

Heavy  ledpe  crystalline  limestone 2  0 

The  conglomerate  consists  of  black  pebbles,  like  those  described 
from  the  bottom  of  the  Sellersburg  limestone,  with  coarse  sand,  all 
imbedded  in  a  matrix  of  solid  bright  iron  pyrites.  The  cement  rock 
is  concealed  at  this  place. 

A  section  at  the  pike  quarry  at  the  north  corner  of  the  town  of 
Lexington  is  as  follows: 

Ft  In. 

New  Albany  black  shale 5  to  10  0 

Blue  crystalline  limestone 2  6 

Cement    rock  5  0 

(iray  crystalline  limestone  (JefTersonville) 15  0 

A  mile  northwest  the  overlying  limestone  thickens  up  to  five  feet, 
but  soon  dips  below  the  level  of  the  creek  and  disappears. 
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Woods  Fork, — Just  below  where  the  road  crosses  Woods  Fork  in 
the  northeast  quarter  of  section  28,  township  3  north,  8  east,  this 
section  is  exposed: 

Ft.  In. 

New  Albany  black  shale 6  to    8  0 

Gonglomeritic  Iron  ore 1  0 

Heavy  crystalline  limestone. 5  0 

Cement  rocls,  fair  looking 0  8 

Shaly  limestone  with  Stropheodonta  demisaa 4  0 

At  a  spring  house  in  the  northeast  quarter  of  the  southeast  quarter 
of  section  21,  township  3  north,  8  east,  the  exposure  is  as  follows: 

Ft.  In. 

Son  and  drift 4  0 

New  Albany  black  shale 6  0 

Massive  crystalline  limestone 3  0 

Blue  argillaceous  cement  rock 1  2 

Heavy  crystalline  limestone 6  0 

Where  the  road  crosses  Woods  Fork  in  section  15,  same  township, 
3  north,  8  east,  blue  cement  rock  four  inches  thick  is  exposed,  over- 
lain by  four  feet  of  crystalline  limestone,  and  that  in  turn  by  Black 
shale.  On  the  north  side  of  the  same  creek  the  cement  is  underlain 
by  twelve  feet  of  Jeff-ersonville  limestone  with  Chonetes  yandellamis, 
Stropheodonta  hemispherica,  Stropheodonta  demissa  and  a  Spirifer. 

At  the  forks  of  the  road  400  yards  south  of  the  northwest  comer 
of  section  25,  township  3  north,  8  cast,  a  foot  of  yellow  calcareous 
shale  outcrops,  overlain  bv  five  feet  of  crvstalline  limestone. 

In  the  northeast  quarter  of  the  southwest  quarter  of  the  same  sec- 
tion two  feet  of  oliaractoristic  cement  rock  shows,  overlain  by  three 
feet  of  crystalline  limestone  and  underlain  by  10  feet  of  Jefferson- 
ville  limestone. 

Near  the  center  of  the  same  section  the  drab  cement  rock  outcrops 
three  feet  in  thickness,  overlain  by  two  feet  of  hard  blue  limestone 
with  Tropidoleptvs  carinatus. 

In  the  southwest  quarter  of  the  northeast  quarter  of  section  20, 
toumship  3  north,  8  east,  the  cement  rock  is  represented  by  12  inches 
of  fetid  limestone  overlain  by  2  feet  of  crystalline  limestone. 

In  the  northwest  quarter  of  the  northwest  quarter  of  section  24, 
townslii})  3  north,  8  east,  the  cement  is  represented  by  a  clay  parting 
between  nine  feet  of  crystalline  limestone  above  and  15  feet  of  sim- 
JJ/ir  limestone  below. 
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Hog  Creek, — ^Near  the  center  of  section  14,  township  3  north,  8 
east,  the  cement,  represented  by  a  thin  clayey  stratum,  is  overlain 
by  12  feet  of  crystalline  limestone. 

Where  the  road  crosses  Hog  Creek  in  the  southeast  quarter  of 
section  15,  township  3  north,  8  east,  four  to  12  inches  of  cement  rock 
is  overlain  by  four  feet  of  crystalline  limestone  and  that  in  turn  by 
shale. 

In  the  bluff  along  the  creek  in  the  southwest  quarter  of  the  same 

section  we  have  this  exposure: 

Ft,  In. 

New  Albany  black  shale 2  0 

Flaggy  crystalline  limestone 4  0 

Fetid  buff  cement  rock 0  8-10 

Crystalline  limestone  (Jeffersonville) 15 

Near  the  B.  &  0.  Railway  in  the  northeast  quarter  of  section  20, 
township  3  north,  8  east,  the  cement  a  foot  in  thickness  is  overlain 
by  crystalline  limestone  30  inches  in  thickness. 

Going  up  a  drain  in  the  northwest  quarter  of  section  16,  township 
3  north,  8  east,  the  cement  thins  to  three  or  five  inches,  then  to  one 
or  two  inches,  and  then  thins  out  completely,  and  this  is  the  most 
northerly  extension  of  the  cement  rock  as  a  persistent  bed. 


4* 


II.     TOPOGRAPHY. 

In  general  the  topography  of  the  region  with  which  we  are  con- 
cerned is  that  of  a  dissected  plateau  sloping  gently  toward  the  west, 
where  rises  the  sharp  escarpment  of  the  bold  range  of  Knobs.  The 
iAope  of  the  surface  of  this  plateau  is  very  nearly  that  of  the  under- 
lying limestone,  especially  in  the  region  lying  between  the  Pennsyl- 
vania and  B.  &  0.  railways  from  Otisco  to  Jeffersonville  and  Mem- 
phis. The  tops  of  the  flat  ridges  in  this  region  are  covered  with  the 
New  Albany  Black  shale,  beneath  which  outcrop  the  Sellersburg  and 
Silver  (^reek  limestones.  The  streams  cut  down  into  the  Jefferson- 
ville limestone,  and  those  flowing  to  the  southwest  keep  along  in  the 
same  horizon,  the  fall  of  the  stream  being  just  about  equal  to  the  dip 
of  the  rock.  On  the  western  side  of  the  plateau,  as  the  Knob  escarp- 
ment is  approached,  the  Black  shale  increases  in  thickness  and  begins 
to  make  a  more  rolling  topography.  But  in  the  region  to  the  east, 
lying  between  Charlestown,  Otisco,  Lexington  and  the  Ohio,  where 
the  Black  shale  is  thin  or  entirely  wanting,  the  country  is  flat  as  a 
floor,  but  trenched  here  and  there  by  streams.    At  the  river  bluffs  it 
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pitches  ofE  abruptly  in  an  escarpment  about  400  feet  in  height.  The 
country  southeast  and  east  from  Watson  is  flat  and  the  trenches 
cut  by  the  streams  are  invisible  a  short  distance  away,  so  that  the 
topography  has  every  appearance  of  being  in  a  youthful  stage, 
probably  post-glacial.  But  wells  on  these  flats  show  10  feet  of  soil 
and  clay  without  drift,  apparently  indicating  that  the  region  has 
not  been  occupied  by  the  ice.  Unmistakable  till  and  drift  occur, 
however,  in  the  neighborhood  of  Charlestown,  on  the  hill  just  south 
of  Speed's  new  quarry,  in  the  eastern  part  of  section  131,  and  in  the 
south  corner  of  section  168,  as  well  as  in  other  places.  One  mile 
west  of  Sellersburg  on  the  road  to  Hamburg  there  is  beside  the  road 
an  outcrop  of  four  to  five  feet  of  gravel  embedded  in  a  sandy  clay 
strongly  resembling  till.  The  gravel  consists  of  rounded  sandstone, 
knobstone  and  quartz  pebbles,  ranging  up  to  one  inch  in  diameter, 
although  the  quartz  pebbles  rarely  exceed  one-quarter  inch  in  diam- 
eter. Mixed  with  these  are  angular  fragments  of  chert,  limestone 
and  sandstone. 

From  these  deposits  and  from  the  glaciated  aspect  of  the  country  in 
certain  sections,  as  well  as  for  reasons  which  will  appear  later,  we 
think  that  the  whole  region,  west  as  far  as  Silver  Creek  and  south  as 
far  as  Jeffersonville,  was  occupied  by  an  ice  sheet  which  left  its 
impress  on  the  soft  Black  shale  topography  without  leaving  a  great 
amount  of  drift.  No  evidence  of  buried  channels  has  been  found, 
with  the  exception  of  that  thought  to  indicate  an  old  channel  of  the 
Ohio.  If  the  topography  is  post-glacial,  the  preglacial  topography 
must  have  existed  in  the  Black  shale  and  have  been  carried  away  en- 
tirely by  the  ice.  We  find  no  evidence  that  this  region  has  been  occu- 
pied by  the  great  CoUett  Glacial  river  as  has  been  urged.* 

PLEISTOCENE  TERRACES. 

The  Flafwoods. — In  the  sketch  map  opposite  the  dotted  line  repre- 
sents the  edge  of  the  Paleozoic  rocks,  and  the  broken  lines,  numbered 
from  I  to  IV,  represent  the  terraces.  Ikying  between  the  Paleozoic 
border  and  the  upper  terrace,  or  No.  1,  and  occupying  the  greater 
part  of  sections  32,  33,  45, 46  and  47,  is  a  region  called  the  Flatwoods. 
It  is  almost  level,  sloping  very  gently  to  Silver  Creek  on  the  north- 
west. Along  the  southern  edge  it  rises  slightly  higher  and  is  slightly 
irregular,  having  higher  hummocks  of  sand.  Where  it  first  starts 
from  the  Paleozoic  this  terrace  is  about  40  feet  above  Terrace  No.  3. 
But  after  Terrace  No.  2  puts  off  from  it  in  the  east  part  of  section 


*  Geoloffioal  Barrey  of  Indiana,  1881,  p.  90. 
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31,  it  stands  but  10  or  15  feet  above  that  terrace  and  eeemg  finally  to 
die  away  in  a  Beriea  of  hummocks  before  reaching  Silver  Creek.    The 
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impression  is  unavoidably  forced  upon  one  that  this  waa  a  Bpit  which 
projectcKl  out  from  the  Paleozoics  and  was  gradually  bnilt  up  into  a 
liar  which  closed  the  bay  occupied  now  by  the  Flatwoods  and  allowed 
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that  to  fill  up  with  sediment.     The  wells  in  the  Platwoods  region 
seem  to  bear  out  this  conception. 

Well  No,  1,  in  the  engine  room  of  the  Silver  Creek  Cement  Co.'s 
mill  is  reported  to  go  190  feet  through  black,  mucky,  slimy,  stinking 
clay,  striking  gravel,  but  no  bed  rock.  It  seems  probable  that  there  is 
an  error  in  the  reported  depth  of  this  well,  though  it  must  be  of  more 
than  ordinary  depth.  It  lies  in  a  recession  of  the  Paleozoic  border, 
and  any  unusual  depth  without  striking  bed  rock  can  only  be  ex- 
plained on  the  supposition  that  the  bore  was  put  down  in  an  old 
buried  valley.  But  it  is  diflScult  to  explain  a  valley  190  feet  in  depth 
at  this  point,  when  the  Ohio  scarcely  reached  any  such  depth.  It  is 
our  conception  that  this  well  struck  the  valley  of  some  small  stream 
emptying  into  this  bay  when  it  was  at  a  level  something  like  90  or 
100  feet  lower  than  now.  More  well  sections  are  needed  to  show  this, 
however. 

Well  No.  2,  A  well  was  put  down  60  feet  here  in  the  middle  of  the 
Flatwoods,  which  struck  clay  and  sand,  but  no  rock. 

Well  No.  S,  on  Mr.  Stac/s  place,  struck  potter's  clay  at  14  feet 
and  went  through  42  feet  of  this,  interbedded  with  saad. 

Well  No.  Jf,  at  John  Yarborough's,  shows  46  feet  of  sand. 

Well  No.  5,  James  D.  Applegate's,  has  53  feet  of  sand  and  clay. 

A  well  in  the  east  corner  of  section  32  struck  logs  and  sticks  at 
20  feet. 

Terrace  No.  2  puts  off  from  No.  1  near  the  east  comer  of  section 
31  at  an  elevation  some  10  feet  below  it  and  30  feet  above  Terrace 
No.  3,  and  is  similar  as  regards  structure  to  Terrace  No.  "* .  No  well 
sections  were  obtained  upon  this  terrace. 

Terrace  No.  S. — This  terrace  starts  as  a  spit-like  projection  from 
the  southernmost  extension  of  the  Paleozoic  in  the  vicinity  of  the 
cemetery  one  mile  north  of  Jeffersonville,  bears  north  of  west  one 
mile,  then  turns  south  of  west  and  crosses  Silver  Creek  at  the  bridge 
on  the  New  Albany  and  Charlestown  pike.  It  is  about  20  to  25  feet 
above  Terrace  No.  4,  has  the  beach  ridge  formation  in  front,  sloping 
gently  back  to  the  base  of  the  terrace  above  it.  No  well  sections 
were  obtained  in  this  terrace. 

Terrace  No.  Jf.  leaves  the  Paleozoic  upland  near  the  middle  of  sec- 
tion 12,  bears  south  to  within  a  quarter  of  a  mile  of  the  Ohio,  then 
southwest  parallel  to  the  river  for  a  mile,  thence  west  through  the 
north  edge  of  the  city  of  Jeffersonville,  striking  the  river  in  the 
vicinity  of  Howard  Park,  a  suburb  of  Jeffersonville,  just  east  of  the 
old  village  of  Clarkville,  follows  the  river  for  a  mile,  then  turns 
north  and  joins  Terrace  No.  3  in  the  southern  part  of  section  30. 
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This  terrace  is  about  eight  or  10  feet  above  high  water  mark  of 
1884,  and  15  or  16  feet  above  the  flood  plain,  which  was  overflowed 
six  to  eight  feet  in  1884. 

Well  No.  6,  in  Howard  Park,  passed  through  bluish  to  yellowish 
mottled  clay  for  20  feet,  then  sand  and  gravel  for  25  feet. 

Well  No.  7  struck  rock  at  the  depth  of  40  feet. 

Well  No.  8,  at  Henry  Mahanda's,  soil  and  clay  40  feet,  gravel  five 
feet.  Bed  rock  is  probably  not  far  below.  This  would  put  it  at  or 
below  the  level  of  low  water  in  the  Ohio. 

All  these  terraces  are  continued  down  the  river  beyond  Silver 
Creek,  but  beyond  that  point  they  have  not  been  examined  by  the 
writer.  It  is  to  be  hoped  that  in  the  future  opportunity  may  oflFer 
for  a  more  comprehensive  study  of  these  terraces  which  have  such 
a  direct  connection  with  the  Pleistocene  history  of  this  region. 

A  PREGLACIAL  CHANNEL  OP  THE  OHIO. 

Mr.  John  Bryson  was,  so  far  as  the  writer  is  aware,  the  first  to 
suggest,*  though  without  much  reason  for  so  doing,  that  the  Ohio 
had  a  preglacial  channel  to  the  north  of  the  present  channel. 
Certain  facts  that  have  come  under  the  observation  of  the  writer  seem 
to  bear  out  that  view,  though  far  from  demonstrating  it,  and  leaving 
much  to  be  determined  in  the  future.  Attention  was  called  above 
to  the  section  of  Well  No.  6,  in  Howard  Park,  where  no  rock  was 
found  at  a  depth  of  45  feet,  presumably  about  the  level  of  low  water 
in  the  Ohio  River.  Yet  sections  bv  Professor  Borden  and  the  writer 
at  the  old  Beach  Mill  on  the  river  bank  just  opposite  the  site  of  the 
well  show  a  thickness  of  25  to  35  feet  of  limestone  above  low  water 
mark.  And  these  rocks  continue  to  outcrop  all  the  way  up  the  river 
to  the  Louisville  and  Jeffersonville  bridge.  This  indicates  a  rim  of 
rock  along  the  river  and  a  basin  or  valley  behind. 

The  First  National  Bank  building  of  Jeffersonville  is  located  about 
two  blocks  from  the  river.  The  foundation  is  reported  to  rest  on 
solid  bed  rock  at  a  depth  of  15  feet,  while  Well  No.  9,  15  feet  away, 
struck  the  limestone  at  35  feet.  Well  No.  10,  at  the  comer  of  Me- 
f'lianic  and  Chestnut  streets,  about  a  quarter  of  a  mile  north  of  No.  9, 
went  80  feet  before  striking  bed  rock.  This  would  make  the  level  of 
the  rock  some  40  feet  below  the  reef  at  the  falls.  Well  No.  12,  at 
Mr.  Biggs',  in  Utica,  went  120  feet,  all  in  gravel.  The  bottom  of  the 
well  must  be  80  feet  below  the  level  of  low  water  in  the  Ohio.  This, 
of  course,  indicates  nothing  more  than  that  the  preglacial  channel 
of  the  Ohio  was  at  least  80  feet  deeper  than  it  now  is. 


*Amerioaii  Oeoloffiit,  Vol.  T,  1800,  pp.  116-188. 
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It  has  seemed  to  us  possible  that  one  of  the  preglacial  branches 
of  the  Ohio  left  the  present  course  of  the  river  about  Utica,  flowed 
along  the  bottom  skirting  the  edge  of  the  Paleozoic  upland  to  the 
neighborhood  of  JeflEersonville,  then  turning  northward  made  an 
oxbow  bend  out  through  the  Flatwoods,  re-entering  the  Ohio  between 
Clarksville  and  the  mouth  of  Silver  Creek.  A  serious  objection  to 
this  view  seems  to  be  encountered  in  the  record  of  Well  No,  7,  which 
struck  rock  at  40  feet,  right  where  one  would  expect  the  deepest  part 
of  the  hypothetical  channel.  Nevertheless,  it  seems  necessary  to 
employ  the  Ohio  to  perform  the  excavation  which  took  place  prior 
to  the  formation  of  the  Flatwoods.  Certainly  Silver  Creek  woidd  be 
unequal  to  the  task,  running  as  it  does  over  a  rock  bottom  just  before 
it  enters  the  Flatwoods,  and  at  a  level  not  more  than  20  feet  below 
that  of  the  Flatwoods. 

If  the  Ohio  once  moved  out  through  the  region  of  the  Flatwoods 
at  a  level  much  below  this  present  level,  then  back  in  a  narrow  defile, 
the  predecessor  of  Silver  Creek  pouring  over  the  limestone  wall 
might  give  us  the  deep  gorge  which  later  became  filled  with  blue 
mud,  as  shown  in  the  section  of  Well  No.  1  as  given  above. 

If  such  were  the  case,  the  river  must  have  been  dispossessed  of  this 
channel  by  the  advancing  ice  sheet.  Deprived  of  this  deeper  channel, 
the  Ohio  must  have  flowed  at  a  much  higher  level  at  some  later  time, 
before  it  found  its  present  course  over  the  reef  at  the  Falls.  The 
interval  in  which  it  flowed  at  the  higher  level  was  contemporaneous 
with  the  formation  of  the  terraces. 


III.     ECONOMIC  GEOLOGY  OF  THE  SILVER  CREEK 

HYDRAULIC  LIMESTONE. 

Texture  and  Composition. 

In  texture  the  cement  rock  is  a  very  fine  grained  limestone,  the 
grain  being  so  fine  as  to  require  a  good  hand  lens  to  distinguish  it 
It  is  usually  without  traces  of  stratification  and  occurs  massively, 
breaking  with  a  sub-conch oidal  fracture.  In  some  of  the  quarries, 
however,  the  ledge  is  divided  horizontally  by  bedding  planes  into 
two  or  more  ledges  which  in  places  are  reported  to  have  different 
values  for  cement.  The  universal  practice,  however,  is  to  take  the 
workable  ledge  from  top  to  bottom  as  it  comes,  giving  a  uniform 
quality  to  the  product.  Where  the  cement  rock  is  fossiliferous,  as  it 
commonly  is,  the  fossils,  bryozoa  especially,  show  roughly  by  their 
position  the  planes  of  their  deposition. 
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Impurities  are  comparatively  rare  in  this  formation.  The  upper 
part  of  the  ledge  sometimes  contains  *T)lotches"  of  white  appearance, 
consisting  of  calcareous  or  siliceous  material.  The  fossils  are  some- 
times solidified.  Minute  crystals  of  iron  pyrites  are  sometimes  dis- 
seminated through  the  rock. 

The  color  in  the  freshly  exposed  rock  ranges  from  light  drab 
through  dark  drab  to  bluish  drab.  On  the  weathered  surfaces  it 
shows  buff.    The  fossiliferous  streaks  are  generally  darker. 

The  chemical  composition  shows  the  rock  to  be  magnesian  argilla- 
ceous limestone  with  a  mixture  of  more  or  less  ferric  iron.  Two  of 
the  analyses  of  Rosendale  stone  show  quite  a  percentage  of  calcium 
sulphate,  but  this  Ls  possibly  an  error  of  analysis,  or  a  local  develop- 
ment. 

The  appended  table  gives  analyses  of  six  Indiana  cement  lime- 
stones, seven  New  York  cement  limestones,  three  of  the  Milwaukee 
and  one  from  Illinois,  each  with  the  properly  accredited  authority: 
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Inasmuch  as  the  first  five  analyses  in  the  foregoing  tabic  have  been 
somewhat  recast  to  make  them  harmonize  with  the  other  analyses, 
the  official  report  of  Professor  Noyes  to  the  State  Geologist  is  here 
inserted. 

ROSB   PoLYTECHNrc   InOTITUTE, 

Terre  Haute,  Ind.,  January  16,  IdOO. 
Prof,   W,  S.  Biatchley: 

Dear  Sir— I   have  analyzed  the  samples  of  hydraulic  limestone  left 
with  me  iu  October  last  with  the  results  jiriven  below. 
The  labels  were: 
No.  1.    Ohio  Valley  Quarry,  n.  e.  cor.  sec.  .'M,  Clark's  (iraut. 
No.  2.    Speed's  Quarry,  sec.  332,  Clark^s  Grant. 
No.  H.    Belknap's  Quarry,  sec.  89,  Clark's  Grant. 
No.  4.    Black  Diamond  Quarry,  s.  e.  cor.  sec.  66,  Clark's  Grant. 
No.  5.    Haiisdale's  Quarry,  sec.  149,  Clark's  Grant. 


1. 

Ohio 

Valley. 

2. 
Speed's. 

3. 
Belknap's. 

4. 

Black 

Diamond. 

5. 
Haus- 
dale's. 

Iniolable  in  hydrochloric  aoid  .. 

25.90 

18.68 

12  75 

13i» 

21.26 

Lime  (CaO),  soluble  in  acidi 

30.41 

34  AS 

29  40 

29.06 

33.99 

Magnesia  (MgO), soluble  in  acids 

8.48 

797 

16.71 

15.70 

757 

Ferric  Oxide  (Fe.O,),  lolable  in 
acids 

0.47 

0.43 

0.85 

1.15 

0.^ 

Alumina  ( A] aOa),  soluble  in  acids 

0.27 

0^ 

0,25 

0.80 

0.32 

Loss  on  ignition 

33.46 

36.65 

40  47 

39.29 

35J6 

ToUl  

96.99 

98  58 

100.43 

99.05 

98.69 

The  results  of  the  analysis  of  the  insoluble  portion  and  the  composi- 
tion, on  the  supposition  that  the  soluble  lime  and  magnesia  are  in  the  form 
of  carbonates,  are  as  follows: 


1. 

Ohio 

Valley. 


2. 
Speed's. 


8. 
Belknap's. 


4. 

Black 
Diamond. 


5. 
Haul- 
dale's. 


Soluble  portion- 
Calcium  Carbonate  (CaCOx).... 

Mafrnesium  Carbonate  (Mg^Ox^ 

Ferric  Oxide  iFe/),) 

Alumina  ( AI3O3) 

Insoluble  portion  - 
SnicalSiO,) 


Ferric  Oxide  (Fe,0,) 

Alumina  (A'aOa) 

Lime  (CaO) 

Magnesia  f  MgO) 

Undetermined 

ToUl 


54.31 

16  90 

0.47 

0.27 

18  33 
1.20 
4.71 
0.14 
0.33 
119 


97.85 


61.70 

52.50 

16.74 

35.09 

0.4^ 

0.85 

0.30 

0.25 

13.65 

9.80 

1.02 

0.55 

316 

1.78 

0.15 

0.04 

0.25 

Oil 

0.45 

0.47 

97  86 

101,44 

51.95 

32.97 

1.15 

080 

9.69 
0.80 
1.97 
0.!0 
0.11 
0.36 


99.90 


60.69 

15.90 

O.-'W 

0.32 

15.21 
1.05 
3.76 
0.07 
0.82 
0,86 

98.66" 
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For  greater  simplicity  the  iron  is  all  put  down  as  ferric  oxide,  though 
a  part  of  it  is  in  the  ferrous  state  and  the  soluble  portion  is  probably 
mostly  in  the  form  of  ferrous  carbonate  (FeCO,).  The  part  of  the  insolu- 
ble portion  recorded  as  "undetermined"  probably  consists  mainly  of  al- 
lialies. 

The  high  footing  of  No.  3  is  probably  due  to  the  presence  of  some 
soluble  compound  of  "lime"  or  "magnesia"  other  than  the  carbonate.  See 
the  other  footing  for  the  same  analysis. 

W.  A.  NOYBS. 

»      ■  •    .  ."'■•.■ 

i •    ■•  .        ......       -^ 

QUARBTIMO. 

Stripping. — Two  methods  of  stripping  off  the  earth  preparatory 
to  quarrying  are  practiced;  and  since  the  earthy  covering  may  range 
from  a  few  inches  to  10  or  15  feet,  the  most  economical  method  for 
the  case  in  hand  is  quite  a  desideratum.  The  first  method,  and  the 
one  usually  followed  in  the  smaller  quarries  and  in  those  larger  quar- 
ries where  the  stripping  is  light,  is  the  ordinary  one  of  plows  and 
scrapers  operated  by  horse  power.  An  improved  method,  which  is 
followed  at  Speed's  quarry  and  at  some  of  the  larger  concerns  oper- 
ating open-wall  quarries,  is  to  prepare  to  strip  a  large  area  at  once 
by  laying  down  a  temporary  track  along  one  side  of  the  area^  upon 
which  track  is  placed  a  common  hoisting  engine  with  large  drum 
and  cable.  The  earth  is  loosened  by  large  plows  which  are  drawn 
by  steam  across  tlie  area  to  be  stripped,  and  returned  by  a  single 
horse.  The  same  method  is  pursued  with  the  large  wheel  scrapers, 
which,  when  loaded^  are  dniwn  by  horses  to  the  dumping  ground. 
The  final  cleaning  up  must  be  done  with  shovel  and  wheelbarrow. 

With  regard  to  the  rock  stripping,  the  ordinary  methods  of  blasting 
and  carting  are  used.  In  some  cages  the  rock  stripping  is  crushed 
and  used  for  road  metal  or  railway  ballast.  The  Black  shale  has  also 
had  a  limited  employment  for  such  purposes. 

Blasting  and  Loading. — When  the  cement  ledge  has  been  stripped 
it  is  then  ready  for  quarrying  and  transportation  to  the  kilns.  An 
electric  system  of  blasting  is  employed  in  the  larger  quarries. 
Holes  are  drilled  with  steam  drills  at  intervals  of  several  feet 
and  charged  with  dynamite,  which  is  exploded  simultaneously  by 
means  of  a  pull-up  electric  battery.  Such  of  the  rock  as  is  less  than 
six  to  12  inches  in  its  largest  dimension  is  ready  to  go  directly  to  the 
kilns,  but  all  larger  than  that  must  be  made  smaller  with  a  sledge 
hammer.  In  the  majority  of  cases  the  quarry  is  in  juxtaposition  to 
the  line  of  kilns.  An  inclined  track  leads  from  the  quarry  up  to 
the  top  of  the  line  of  kilns  and  passes  across  their  open  tops.  Up  this 
track  is  brought    the  limestone  and  coal.    At  the  foot  of  the  incline 


SILVEB  ORBEK  HYDRAULIC  LIMESTONE.  369 

Ib  a  small  turntable,  and  from  this  tracks  lead  to  the  coal  pile  and  to 
those  parts  of  the  quarry  where  the  work  is  active.  The  cement  rock 
is  loaded  upon  small  iron  dumping  trucks;  these  may  be  made  into 
trains  and  hauled  by  a  horse  to  the  turntable,  if  far  distant,  but 
usually  are  pushed  by  hand.  They  are  pulled  one  at  a  time  up  the 
incline  by  a  hoisting  engine  at  the  top  of  the  incline,  and  pushed 
along  by  hand  to  the  proper  kiln. 

Speed's  quarry  is  situated  about  a  mile  and  a  half  from  the  mill 
and  connected  with  it  by  a  steam  tramway.  A  small  locomotive 
draws  a  train  of  small  flat  cars.  The  quarry  is  so  arranged  that  a 
long  face  is  being  worked  at  once.  Parallel  to  this  and  at  a  con- 
venient distance  is  a  temporary  track  on  which  is  a  traveling  crane. 
The  temporary  track  of  the  tramway  parallels  this  at  the  right  dis- 
tance. The  rock  is  loaded  upon  a  square  flat  box  with  a  bail  attached. 
By  means  of  this  bail  the  box  is  lifted  by  the  crane  and  placed  on 
one  of  the  flat  cars  and  an  empty  box  put  in  the  place  of  the  full  one 
at  the  quarry  face.  Having  arrived  at  the  mill  the  boxes  are  emptied 
into  the  crusher,  which  reduces  the  rock  to  the  proper  size  for 
burning,  doing  away  with  the  expense  of  breaking  large  pieces  by 
hand  in  the  quarry. 

Mining. 

Mining  or  tunneling  has  usually  been  resorted  to  when  the  strip- 
ping became  so  heavy  as  to  render  further  open  quarry  work  un- 
profitable, but  in  a  few  instances,  notably  at  the  new  Banner  and 
lloosicr  mills,  and  others,  tunneling  has  been  the  order  from  the 
start.  In  the  latter  instance  a  pit  large  enough  to  give  room  for  the 
turntable  and  the  slope  of  the  incline  has  been  dug  through  the 
Ntnv  Albany  Black  shale,  the  Sellersburg  limestone  and  the  cement 
loflge.  From  this  pit  entries  are  driven  in  any  direction  desired.  It 
may  hv  noted  here  that  the  Banner  Co.'s  opening  is  near  the  cast 
side  of  their  property  and  the  major  part  of  their  tunneling  will 
havo  to  be  to  the  westward.  Now  the  natural  dip  of  the  rocks  over 
this  whole  region  is  to  the  west.  Since  the  cement  ledge  here  lies  at 
or  near  the  level  of  Silver  Creek,  it  will  be  strange  if  water  does  not 
follow  down  the  entries  and  rooms  and  collect  along  the  working 
faces,  to  the  great  trouble  and  vexation  of  the  miners.  Probably  a 
much  better  plan  would  be  to  locate  the  opening  or  shaft  near  the 
western  side  of  the  property  and  work  the  rooms  eastward  against 
the  dip,  allowing  them  to  drain  themselves  into  a  sump  at  the  shaft 
where  the  water  can  be  easily  handled. 

24~aeol. 
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Attention  might  at  this  place  be  directed  to  the  fortunate  strati- 
graphic  relation  of  the  cement  rock,  overlying  the  limestone  and 
shale,  which  makes  possible  tunneling  and  long  wall  mining  in  a 
limestone  formation  with  no  greater  thickness  of  roof  than  is  usually 
found  in  this  district.  Were  the  roof  either  all  limestone  or  all 
shale,  mining  would  not  be  possible.  In  the  former  case  the  lime- 
stone would  be  cut  up  in  two  directions  by  a  network  of  seams, 
caused  by  the  solution  of  percolating  waters  along  the  joint  cracks, 
and  would,  of  course,  not  be  capable  of  self-support  over  rooms  100 
feet  square,  as  are  worked  in  this  region.  It  is  only  because  the  cover- 
ing of  impervious  shale  acts  as  a  roof  and  sheds  off  the  underground 
water,  that  the  limestone  has  remained  unaffected.  Further,  were 
the  roof  of  shale  alone,  its  strength  would  not  be  suflBcient  to  sustain 
roofs  of  the  size  described;  draw  slate  would  be  continually  falling, 
and  some  of  the  slate  would  come  away  with  the  limestone,  necessi- 
tating hand  sorting,  all  making  operation  more  expensive. 

The  method  of  mining,  briefly,  is  as  follows:  At  some  side  of 
the  quarry,  where  the  roof  is  thick  enough  to  be  suitable  (generally 
in  practice  where  the  stripping  is  too  deep  for  profitable  open  quar- 
rying), single  entries  are  driven  into  the  ledge  from  20  to  40  feet  in 
width  and  at  an  equal  distance  a  pari;.  Once  back  in  the  ledge  all 
the  stone  is  taken  away  excepting  pillars  10  to  15  feet  square  and  40, 
»50,  60,  or  even  100  feet  apari.  The  entries  and  rooms  are  lighted 
with  electric  arc  lights  and  ventilated  by  air  escaping  from  the 
compressed  air  drills.  The  rock  is  shot  down,  just  as  in  coal  mining, 
except  that  "under-mining"  by  either  pick  or  machine  is  unneces- 
sary. Holes  are  bored  by  an  Ingersoll  rock  drill  driven  by  com- 
pressed air,  and  mounted  on  an  upright  bar  which,  by  means  of  a 
jack-screw  base,  van  be  braced  between  the  roof  and  the  floor  of  the 
mine. 

From  35  to  '10  charges  of  powder  are  put  in  and  discharged  by  a 
pull-up  eloc'tric  battery.  This  will  bring  down  rock  sufficient  to  make 
from  150  to  200  barrels  of  cement.  Charges  are  usually  fired  at  the 
noon  hour  and  just  before  leaving  in  the  evening,  giving  the  rock  a 
chance  io  all  get  down  without  intcTrupting  work. 

The  rock  may  be  reduced  to  the  proper  size  for  calcining  by  hand 
or  by  crushing,  just  as  in  open  quarrying.  It  is  then  loaded  on  self- 
dumping  cars,  varying  in  design  and  size  with  the  different  works, 
and  drawn  to  the  kiln  by  horse  or  steam  power. 

Ulster  County  Methods. — With  one  exception  all  the  plants  en- 
gaged in  hydraulic  cement  manufacture  in  the  famous  Rosendale 
District  of  Ulster  County,  New  York  (producing  about  one-half  of 
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the  total  product  of  the  United  States),  raise  the  rock  by  mining 
rather  than  by  quarrying.*  The  region  is  one  of  violent  folding  and 
faulting,  rendering  mining  unavoidable.  The  mines  are  worked  on 
the  slope  and  the  location  so  chosen  that  the  head  of  the  slope  is  on 
a  level  with  the  top  of  the  kilns.  The  slopes  preclude  hand  or  horse 
haulage  and  necessitate  rope  haulage,  involving  the  erection  of  elab- 
orate rope  haulage  plants.  When  sudden  changes  of  dip  occur  it 
necessitates  independent  haulage  stations  and  grading  of  tracks.  Of 
necessity  the  entries  and  rooms  must  be  driven  with  the  dip,  requir- 
ing close  attention  to  pumping  the  water  away  from  the  working 
face.  As  yet  the  water  has  not  interfered  to  any  serious  extent.  The 
greatly  increased  cost  of  production  entailed  by  the  dipping  of  lime- 
stone is  counterbalanced  by  proximity  to  markets,  and  cheap  trans- 
portation for  fuel  aud  product  furnished  by  the  Delaware  and  Hud- 
son Canal  and  competitive  railroads.  The  great  sale  of  Bosendale 
cement  has  ensued  from  its  early  occupation  of  the  market  and  its 
proximity  to  the  great  populous  centers  of  the  East. 

Calcination. — As  noted  before,  the  cement  rock  ^ay  be  reduced  to 
kiln  size  by  hand  at  the  quarry  or  may  be  crushed  at  the  kilns  in  a 
Blake  or  some  similar  form  of  crusher.  It  then  goes  to  the  kilns. 
The  kilns  are  uniformly  ordinary  continuous  up-draft  kilns.  In  the 
older  plants  they  were  arranged  in  a  line,  and  surrounded  by  a  solid 
masonry  wall.  The  later  plants  have  kilns  of  cylindrical  sheet  steel 
resting  on  a  masonry  foundation.  When  ten  or  more  kilns  are  in  use 
it  is  customary  to  arrange  them  in  two  parallel  lines  with  the  draw 
doors  facing  the  track  between,  which  leads  to  the  mill.  Both  kinds 
are  lined  with  fire  brick.  The  kiln  draws  together  near  the  bottom 
and  is  closed  by  several  grate  bars,  with  a  room  beneath  to  receive 
the  iron  car  into  which  the  calcined  cement  is  drawn.  The  kiln  is 
charged  with  a  kindling  charge  of  wood  and  coal,  upon  which  is 
dumped  cement  rock  and  coal  in  the  proportion  of  two  loads  of  rock 
to  one  of  coal  until  the  kiln  is  filled.  The  fire  is  lighted,  and  as  the 
charge  sinks  with  the  consumption  of  fuel  more  coal  and  stone  is 
added,  always  keeping  the  kiln  full.  At  the  end  of  about  72  hours' 
burning  the  lower  part  is  ready  to  draw.  This  process  is  kept  up 
continuously,  drawing  from  the  bottom  and  adding  at  the  top,  the 
passage  from  the  top  to  bottom  taking  about  72  hours. 

Grinding. — The  loaded  cars  of  calcined  cement  go  up  an  incline 
and  as  the  rock  is  dumped  into  the  hopper  of  the  coarse  crusher,  a 
man  stands  ready  here  with  long  tongs  and  picks  out  all  "green"  and 
overbumed  stone.  The  green  stone  is  sent  back  to  the  kilns,  the 

*  New  York.  13tb  Rep.  SUte  Oeol.,  Tol.  I,  »p.  S7»-«84. 
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overbumed  or  "clinker"  carted  away.  The  product  from  the  coarse 
crusher  passes  over  a  screen  and  about  one-half  is  fine  enough  to  go 
through,  which  part  is  fit  for  cement  and  goes  directly  to  the  barrels. 
The  tailings  go  next  to  the  re-grinder,  a  coflFeemill  arrangement  with 
steel  cones.  The  product  passes  over  a  screen  of  the  same  mesh  as 
that  following  the  coarse  crusher.  About  one-third  of  the  product 
goes  through  and  goes  to  the  barrel.  The  tailings  go  to  the  buhrs. 
The  product  of  the  buhrs  goes  through  a  screen  of  the  usual  mesh 
and  four-fifths  passes  through  and  goes  to  the  barrels.  The  other 
one-fifth  is  returned  to  the  buhrs.  The  buhrs  are  constructed  like 
ordinary  buhr  mills,  except  that  the  grinding  surface  is  of  rock 
emery  instead  of  French  buhr.  Formerly  Catskill  granite  (?)  was 
used  for  the  grinding  surface,  but  the  wear  on  each  stone  was  about 
one-fourth  inch  per  day,  sufficient  to  obliterate  the  dress,  and  require 
re-dressing  every  night.  The  life  of  such  a  stone  was  but  a  single 
season,  whereas  the  rock  emery  stones  wear  but  one-sixteenth  of  an 
inch  on  each  stone  per  month,  and  the  life  of  the  stone  is  eight  or  10 
years.    The  emerV  has  consequently  displaced  the  other  stone. 

The  usual  arrangement  of  grinding  and  screening  machinery  is 
as  follows:  One  screen  for  each  two  coarse  crushers,  one  for  each 
re-grinder  and  one  for  each  two  sets  or  "run"  of  buhrs. 

Double  break  roller  mills  were  tried  at  the  Speed  mill,  but  were 
found  unsatisfactory  and  the  buhrs  replaced.  The  first  break  was 
corrugated  and  the  second  break  was  smooth,  and  all  the  rolls  were 
run  at  the  same  speed. 

The  new  Banner  mill  now  being  erected  (September,  1898)  is  put- 
ting in  Griffin  grinding  mills.  The  proprietors  have  great  hopes  that 
these  mills  will  reduce  the  number  of  re-grindings  and  boltings 
necessary  to  bring  the  cement  to  the  proper  fineness.  It  is  claimed 
that  these  mills  will  tiike  the  product  of  the  coarse  crushers  direct 
and  reduce  95  per  cent  of  it  to  the  standard  fineness.  If  so  it  will 
effect  an  appreciable  saving  in  the  cost  of  production. 

Other  forms  of  grinding  mills  which  are  coming  into  vogue  are  the 
Williams  mill  and  the  Clark  mill.  These  are  generally  used  to  re- 
place the  re-grinders,  that  is,  take  the  product  from  the  coarse 
crusher  and  pass  it  on  to  the  Griffin  mill,  which  takes  the  place  of 
the  buhr  in  finishing  the  product. 

The  cement  as  it  comes  from  the  grinders  is  sometimes  hot  enough 
to  set  fire  to  the  wooden  conveyors  and  elevator  boxes,  though  they 
are  lined  with  sheet  iron. 

From  the  mill  where  the  cement  is  packed  in  barrels  or  paper 
bags,  it  goes  to  ihe  stock  house.     The  favorite  plan  is  to  have  the 
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quarry,  the  kilns,  the  mill  and  the  stock  house  in  a  line,  along  one 
side  of  which  runs  the  railway  switch,  ending  at  one  edge  of  the 
quarry  where  the  coal  dump  is  situated.  The  cooper  shop,  a  necessary 
adjunct,  is  generally  situated  on  one  side  with  a  chute  for  the  barrels 
leading  into  the  packing  room.  The  course  of  the  cement  from 
quarry  to  stock  room  is  graphically  shown  in  the  following  flow 
sheet: 


^|^Cr«b^«r 


X^BuXr   of  ^ 


SoT«*n  9 


S. 


Tiff.  72.    Plow  Sheet  of  a  Typical  Cement  Plant. 

Testing, — For  testing  fineness  a  convenient  apparatus  consists  of 
a  small  sieve  of  the  proper  mesh  and  a  glass  tube  holding  perhaps 
one-half  pint  and  graduated  to  100  parts.  This  tube  is  filled  even 
with  the  ground  cement  and  emptied  into  the  sieve  and  shaken  until 
all  has  gone  through  that  will.  The  remainder  is  poured  into  the 
tube  and  its  percentage  of  the  whole  read.  This  subtracted  from 
100  gives  the  per  cent,  of  fineness. 

When  the  tests  to  determine  the  value  of  stamp  sand  and  standard 
sand  in  mortars  were  made,  the  results  of  which  are  given  in  a  table 
on  a  following  page,  tests  of  the  fineness  were  also  made,  and  the 
results  are  given  in  the  following  table.  The  first  column  gives  the 
percentage  of  the  whole  mass  of  that  part  of  the  cement  which  passes 
tliroiigh  a  sieve  having  2,500  meshes  to  the  square  inch.  The  second 
colunin  giving  the  percentage  with  a  mesh  6,400  to  the  square  inch. 
The  last  cohunn  gives  the  percentage  with  a  mesh  10,000  to  the 
square  inch. 


TABLE  OF  FINENESS  OF  CEMENTS. 

Name  of  Cement.  1, 

Portland 90% 

Buflfalo   84j^ 

Akron   05i< 

Louisville 84j< 

Rosendale  94i 


2. 

3. 

Sli 

84j^ 

n\i 

74j^ 

85j^ 

82j^ 

75j< 

72j^ 

92)^ 

S&i 
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For  testing  strength  a  Fairbanks  testing  scale  is  used.  The  cement 
is  mixed  "neat,"  that  is  with  water  alone,  and  moulded  into**  00" 
shaped  briquettes  which  give  a  cross-section  of  one  square  inch 
in  the  middle.  These  are  allowed  to  "set*'  varjring  lengths  of  time. 
The  clamps  of  the  scale  are  then  adjusted  to  the  ends  of  the  test 
briquette  and  the  sliding  weight  moved  out  the  scale  arm  imtil 
the  briquette  is  pulled  apart.  The  scale  arm  will  show  the  number 
of  pounds  weight  it  has  sustained. 

During  the  year  1894  a  series  of  tests  was  instituted  under  the 
direction  of  Mr,  Edward  Kid  well  to  demonstrate  the  truth  or  falsity 
of  the  prevalent  belief  that  "sharp''  sand,  as  that  from  a  stamp  mill, 
will  make  a  much  stronger  mortar  than  that  made  with  ordinary 
waterworn  quartz  sand. 

The  results  as  given,*  though  somewhat  contradictory,  show  in 
the  total  an  increase  of  over  50  per  cent,  in  tensile  strength  of 
•  mortar  made  with  stamp  sand  as  compared  with  that  made  with 
standard  sand.  Incidentally  the  table  gives  sufficient  data  for  a 
comparison  of  the  strength  and  value  of  five  of  the  most  used 
cements  in  the  United  States.  A  reproduction  of  some  of  the 
more  essential  points  is  given  in  the  following  table.  The  briquettes 
and  cubes  were  mixed,  immersed  and  tested,  with  the  water  and  air 
ranging  about  65  to  70  degrees.  For  each  test  of  tensile  strength 
six  briquettes  of  standard  size  were  made,  and  for  each  test  of 
compressive  stroiigth  two  one-inch  cubes  were  made.  Tests  were 
made  boili  for  seven  days'  immersion  and  28  days'  immersion  of 
neat  cement,  of  a  1 — 1  composition  of  cement  and  standard  sand 
and  of  a  1 — 1  composition  of  cement  and  stamp  sand.  In  the  table 
which  follows  only  the  averages  of  the  six  briquettes  and  the  two 
cubes  have  been  taken.  In  the  first  column  the  amount  of  water 
used  in  the  briquet tos  is  given,  and  in  the  other  columns  the  average 
pounds  per  square  inch  of  tensile  or  compressive  strength  of  the 
specimen  tested. 


♦Mineral  Industry,  Vol.  111,1894,  pp. 95-9«^ 
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TABLE  OP  CEMENT  TESTS,  INVOLVINa  TENSILE  STRENGTH  AND  CRUSHING 

STRENGTH. 

Nbat  Cimint. 


NAME  OF 

CEMENT. 

Rbcord  of  7-Day  Tests. 

28-Dat  Tbsts. 

Per  Cent. 
Water. 

Tensile 
Strength. 

Compreiiiye 
Strength. 

Tensile 
Strength. 

CompreMiTe 
Strength. 

Portland 

29 

33 

33.5 

38 

38 

368.8 

107.6 

45.4 

81.8 

44.5 

1,483.5 
691.5 
328 
408 
188.6 

506.4 
260.3 
137.6 
130.5 
108 

2,000 

Buffalo 

1,320j5 

Akron 

629 

Louiiyillc  

619.5 

RoMndald 

377 

Portland . . 
Buffalo . . . . 

Akron 

Louisville 
Rosendale 


1  Part  Cbment  to  1  Part  Stakdard  Samd. 


20.6 

21 

19 

26 

23 


213.6 
46.6 
47 
37 
15.6 


1.152.5 
280 
157 
240 
108 


.^11 

131 
69.6 
68.5 
84.8 


1,980 
532.6 
375 

264 


1  Part  Crmrnt  to  1  Part  Stamp  Sand. 


Portland 

14.5 

20 

18.6 

22 

21 

223.5 
55.5 
45.1 
41.5 
14.6 

1,587.5 
322 
2226 
235 
134.6 

415 
167.1 

82.3 
102.8 

72 

2,000 

Buffalo 

1417.5 

Akron 

468.5 

Louisville  

469.5 

Rosendale 

325 

Portland  made  by  Brooks,  Shookridge  &  Co.,  Grays,  Essex,  Eng. 
Buffalo  made  by  Buffalo  Cement  Company,  New  York. 
Akron  made  by  Cummings  Akron  Company,  Akron,  N.  Y. 
Louisville  made  by  Falls  City  Cement  Company,  Louisville,  Ky. 
Rosendale  made  by  Newark  and  Rosendale  Cement  Company,  New  York. 

Transportation. — All  the  cement  mills  of  this  region  are  located 
upon  one  or  the  other  of  the  two  railroads,  the  Jeffersonville  divi- 
sion of  the  B.  &  0.  Railway,  or  the  Jeffersonville  branch  of  the 
P.,  (\,  C.  &  St.  L.  Railway,  and  have  adequate  transportation  facili- 
ties. The  latter  road  has  a  local  freight  train  which  does  nothing  but 
make  up  the  cement  business. 

Capaciiy. — The  13  plants  in  Indiana  which  were  active  in  1900 
operated  116  kilns,  having  a  daily  capacity  of  16,000  barrels,  or 
5,000,000  annually.  The  production  for  1900  was  2,512,000  barrels, 
showing  that  the  plants  are  taxed  but  one-half  of  their  capacity. 
Most  of  the  plants  have  been  in  associations  which  prorated  the 
orders.  Some  firms  have  bid  up  the  quota  of  other  firms  year  by 
year  and  thus  some  plants  Jiave  been  in  operation  most  of  the  time 
w^hile  others  were  idle. 
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The  production  of  cement  for  the  Louisville  district  (14  plantB 
in  Indiana  and  1  in  Kentucky)  for  the  years  1882-1889,  inclusive,  is 
taken  from  Mineral  Resources  U,  8. 


Year.                        Barrels,  Value, 

♦1882 633,000  $696,300 

*1883 820,000  820,000 

•1884 780,000  702,000 

♦1885 800,000  640,000 


Year,                       BarreU,  Valuf, 

1886 925,210  $782,428 

1887 1,189,000  921,475 

1888 1,214,000  880,160 

1889 1,338,464  885,617 


In  the  following  table  the  first  two  columns  are  taken  from  Min- 
eral Resources  U.  S.,  the  second  two  from  RothwelVs  Mineral  Industry 
for  comparison,  and  the  last  two  were  personally  collected  by  the 
writer. 

PRODUCTION  OF  HYDRAULIC  CIMKNT  IN  THR  LOUISYILLR  DISTRICT. 

Year,  Barrett, 

1890 1,533^79 

1801 U13,009 

1892 2.101,000 

1893 1.750350 

1894 2.000,000 

1895 1,703.000 

1896 IJSadfiOO 

1807 1,731.287 

1898 2.040,000 

1899 2,922,453 

1900 


Value, 

BarreU, 

Value. 

BarreU. 

Value, 

11,150,184 

983,456 



1,365,000 

2.142,782 

1964,252 

525,105 

1.750350 

962392 

800.000 

2,225/)00 

1357300 

681.000 

1,701,0?3 

597391 

654.400 

1,434337 

504349 

692,515 

1339318 

616.927 

816.000 

1,929,018 

482  254 

1,022358 

3334344 

883,536 

2383.000 
2312,000 

fS18.M0 
502.400 

The  grand  total  for  the  period,  1882-1900,  inclusive,  presents  the 
very  respectable  figure  of  $15,001,481. 

Associations. — The  Union  Cement  Association  was  in  existence  in 
1873  when  Professor  Borden  reported  on  Floyd  and  Clark  count ics.f 
Kach  plant  Avas  apportioned  a  certain  quota  of  cement  to  manufac- 
ture and  ovt^rproduction  and  destructive  competition  were  thus 
avoided.  Th's  agreement  had  elapsed  in  1892,  when  the  Western 
Cement  Con;|«any  Avas  organized  for  like  purposes.  This  associa- 
tion h(>ld  out  until  1898,  when  the  competition  of  new,  independent 
mills  ])roke  the  established  scale  of  prices,  since  which  time  has 
ensued  a  scramble  for  business  in  which  profits  have  been  lost  sight 
of,  and  cement  has  been  sold  on  the  narrowest  possible  margin  or 
on  no  margin  at  all. 

The  Union  Cement  and  Lime  C^o.  (D.  Belknap  &  Co.),  operating 
the  Black  Diamond  mill  and  the  Falls  Citv  mill  in  Indiana  and  the 
Black  Diamond  River  mill  in  Louisville,  and  the  Louisville  Cement 
Co.  (J.  Speed  &  Co.),  operating  the  Speed  mill  and  the  Queen  City 


**  Eitimated  from  prodaf'tion  of  Hydraalic  cement  in  U.  S.  for  those  years, 
t  Qeological  Survey  of  Indiana,  1873,  pp.  134-189. 
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mill  in  Indiana  and  the  Hulme  mill  in  Louisville,  have  preserved 
the  organization  of  the  Western  Cement  Company,  and  still  do  busi- 
ness under  its  regulations. 

The  Central  Cement  Company  is  an  association  of  the  Clark 
County  Cement  Co.,  the  New  Albany  Cement  Co.,  the  Kentucky 
and  Indiana  Cement  Co.,  the  Banner  Cement  Co.,  and  the  tHobe 
Cement  Co.  It  has  been  in  existence  one  year  and  has  worked 
quite  successfully. 

The  other  mills  act  quite  independently.  At  this  writing  (Jan., 
1901)  strong  efforts  are  being  made  to  effect  an  association  of  all 
the  cement  companies  interested  in  the  district. 

Firms  Connected  with  the  Cement  Industby. — Hydraulic  lime- 
stone was  first  discovered  in  Onondaga  County,  in  New  York,  in  1818, 
in  connection  with  the  construction  of  the  Erie  Canal,  and  the  ce- 
ment was  thereafter  used  in  the  construction  of  the  canal.  Cement 
was  first  manufactured  in  Erie  County  in  1824,  and  in  the  Rosendale 
district  in  1832. 

The  hydraulic  limestone  at  the  Falls  of  the  Ohio  was,  curiously 
enough,  first  noticed  in  the  construction  of  another  canal,  the  Ijouis- 
ville  and  Shippingsport  Canal,  as  has  been  uoted  on  a  preceding 
page,  in  the  year  1826  or  thereabouts,  and  used  in  the  construction  of 
all  masonry  work. 

1.*  BeaQh  Mill. — A  flouring  mill,  erected  about  1832  at  the  village 
of  (-larksville,  by  liawson  Verey,  was  later  changed  into  a  cement 
mill,  and  after  passing  through  the  hands  of  various  0¥mers  came 
into  the  possession  of  Wm.  E.  Beach,  who  was  operating  it  in  1873 
when  Prof.  W.  W.  Borden  made  his  survey  for  the  report  on  Moyd 
and  Clark  counties.f  At  this  time  three  kilns  and  two  run  of  buhrs 
wore  in  operation.  The  limestone  was  secured  from  the  river  bank 
adjacent  by  tunneling.  The  spring  floods  of  the  Ohio  gave  great 
inconvenience  to  the  operation  of  tunnels,  often  flooding  them  com- 
pletely. The  formation  of  a  trust  and  the  purchase  of  the  Beach 
Mill's  quotii  by  other  firms  allowed  the  mill  to  rust  away  in  idle- 
ness until  the  flood  of  1884  completed  the  destruction.  To-day,  but 
a  ])rie  of  foundations  marks  the  site  of  the  pioneer  of  one  of  Indiana'^s 
most  important  industries.  Professor  Borden  gives  the  followiug 
s'jction  at  the  quarry: 


^  The  number  refers  to  the  number  of  the  plant  on  the  accompanying  map. 
t  Qeoloflrical  Survey  of  Indiana,  1873,  pp.  152-153. 
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Ft,  In, 

New  Albany  black  shale 0  5 

Grinoidal  limestone  4  2 

Hydraulic  limestone,  dark,  with  hornstone  concretions  . .  11 

Hydraulic  limestone  13  7 

Comiferous  6 

25  1 

The  section  of  the  river  bluff  near  the  old  works  obtained  by  the 
writer  under  the  present  unfavorable  conditions  is  as  follows: 

Ft.  In, 

Heavy  bedded  bluish-gray  limestone 3  0 

Gritty  limestone  wfth  black  pebbles  at  base 2  6 

Hydraulic  limestone  with  chert  and  lime  splotches. . .  1  6 

Hydraulic  limestone   10  0 

Shaly  limestone  with  Spirifer  acuminatuSf  etc 1  0 

Massive  shaly  limestone 3  0 

21  0 

2.  Gheen's  Mill— A  mill  built  by  W.  S.  Hohn  &  Co.  in  1868  near 
the  center  of  section  48,  Clark's  Grant,  has  been  operated  by  the 
Silver  Creek  Cement  Co.,  producing  the  Silver  Creek  Brand  of  ce- 
ment. In  1878  it  became  the  property  of  C.  W.  Gheen  &  Co.,  the 
present  owners.  The  original  quarry  was  opened  in  th^  northeast 
comer  of  section  34,  just  west  of  the  one  now  operated  by  the  Ohio 
Valley  Cement  Co.  In  1881  a  quarry  was  opened  in  the  creek  bank 
upon  the  same  section  as  the  mill.  When  the  stripping  became 
heavy,  tunneling  was  resorted  to.  Floods  in  the  creek  gave  much 
trouble,  however,  and  in  1892  a  slope  was  driven  to  the  hydraulic 
limestone  nearer  the  mill  and  worked  for  about  300,000  barrels  of 
cement.  The  last  year  in  operation  was  in  1896.  Its  quota  has  been 
manufactured  by  the  Falls  City  Cement  Co.,  and  the  Ohio  Valley 
Cement  Co.  In  1873  four  kilns  and  two  run  of  buhrs  were  in  opera- 
tion. At  present  there  are  eight  kilns  and  four  run  of  buhrs,  liaving 
a  capacity  of  800  barrels  per  day. 

A  section  of  the  older  quarry  by  the  creek  is  as  follows: 

^7.  In. 

New  Albany  black  shale 8  0 

Heavy  bedded  encrinital  limestone t>  0 

Shale  parting  varying  from  0  to 0  8 

Encrinital  limestone,  lower  3  inches  conglomeritlc . . .  1  0 

Hydraulic  limestone,  few  fossils,  no  "blotches" 8  0 

Hydraulic  limestone,  concealed  by  creek 6  0 
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The  black  pebbles  are  distributed  throughout  a'  2  to  3-inch  sandy, 
gritty  stratum,  set  off  sharply  in  places  from  the  underlying  cement 
rock  by  a  clay  seam  one-fourth  inch  in  thickness.  The  sandy  stratum 
thickens'  and  thins,  consequently  there  is  a  local  irregularity  of  the 
contact  line  above  and  below  but  the  general  level  around  the  quarry 
is  well  preserved.  There  are  fossils  but  very  rarely  in  the  sandy 
stratum,  but  they  are  plentiful  in  the  crystalline  limestone  above  into 
which  the  scattering  black  pebbles  extend  for  two  or  three  inches. 
Very  rarely  the  pebbles  contain  fossils,  notably  the  Chonetes  yandel- 
lanus,  which  is  so  characteristic  of  the  cement  rock. 

The  cement  rock  here  is  a  pure  homogeneous  blue  rock  with  a 
notable  absence  of  those  white  calcareo-siliceous  patches  and 
blotches  which  are  so  apt  to  appear  in  the  upper  part  of  the  ledge  and 
injure  its  usefulness. 

3.  The  Ohio  Valley  Mill  was  established  in  1881,  but  has  not 
been  operated  since  1898.  The  mill  has  a  capacity  of  800  barrels 
per  day,  with  six  kilns  and  three  run  of  buhrs.  Cement  rock  was 
last  worked  on  leased  land  immediately  east  of  the  original  quarry 
of  the  Silver  Creek  Cement  Co.  The  rock  is  obtained  by  driving  an 
entry  50  feet  wide,  a  distance  of  450  feet  having  been  reached.  The 
width  of  the  entry  makes  artificial  lighting  and  ventilation  unneces- 
sary.   The  motive  power  for  the  wall  drills  is  compressed  air. 

A  stone  crusher  is  in  operation  at  the  quarry  disposing  of  all  the 
waste  piles  of  the  bastard  rock  stripping.  The  chert  nodules  make 
the  rock  very  valuable  for  road  metal. 

A  section  of  the  quarry  is  as  follows: 

New  Albany  black  shale 2  feet. 

Bluish  fine-grained  bastard  limestone 4  feet. 

Ditto,  with  regular  bauds  of  chert 6  feet. 

Cement  rock   12  feet. 

The  upper  member  of  the  bastard  limestone  betrays  a  tendency  to 
crystalline  structure  and  in  places  occur  numbers  of  Spirifer  granu- 
losus and  stylolites  with  fossil  cappings.  Also  a  few  large  chert  con- 
(Totions  occur.  The  lower  member  is  remarkable  for  the  evenness  of 
the  bands  of  cherty  concretions.  The  two  members  probably  repre- 
sent an  argillaceous  phase  of  the  Sellersburg  limestone  rather  than 
the  cement  rock.  Six  inches  of  the  cement  which  does  not  shoot 
loose  from  the  roof  has  to  be  "drawn"  to  prevent  falls. 
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ANALYSIS  OF  OHIO  VALLEY  CEMENT  ROCK. 

Calcium  carbonate  (CaCO,) 54.31 

Magnesium  carbonate  (MgCO.) 16190 

Silica   (SiOa)    18.33 

Ferric  oxide  (Fe,0,)  1.67 

Alumina  (A1,0,)    4.98 

Lime  (CaO)  0.14 

Magnesia  (MgO)    0.33 

Undetermined  1.19 

Total 97.85 

4.  The  Sable  &  Gilmore  Mill  was  one  of  the  first  to  be  built.  It 
was  located  on  the  south  bank  of  Silver  Creek  in  the  northeast 
corner  of  section  48  not  far  above  where  the  railroad  crosses.  It 
ceased  running  about  1866  and  about  1869  was  torn  down  and  moved 
to  Watson,  where  it  is  now  operated  by  the  Queen  City  Cement  Co. 
A  section  of  the  old  quarry  is  as  follows: 

New  Albany  black  shale 2  feet. 

Hard  crystalline  fossiliferous  limestone 7  feet. 

(Characteristic  bluish  cement  rool? 8  feet. 

Cement  concealed  by  creelt 6  feet. 

The  lower  four  inches  of  the  limestone  overlying  the  cement  rock 
contains  the  usual  small  rounded  black  pebbles. 

5.  Blarlc  Diovwnd  Mill  (Belknap  &  Co.) — This  mill  was  erected  in 
1876  by  Belknap  &  Co.,  and  is  just  across  the  creek  and  below  the 
preceding  in  the  oast  corner  of  Section  86.  Operations  were  closed 
in  1892  as  it  was  found  more  economical  to  manufacture  the  mill's 
quota  at  the  larger  mill  of  the  same  company;  though  this  mill  was 
operated  seven  months  in  1900  to  supply  an  unusually  heavy  de- 
mand. The  mill  has  a  capacity  of  700  barrels  daily,  operating  six 
kilns  and  four  run  of  biihrs.  The  cement  rock  was  obtained  by 
mining  with  compressed  air  as  a  motive  power  for  the  drills.  This 
mill  earned  for  its  product  a  splendid  reputAtion,  and  all  of  the 
product  of  the  Falls  City  Mill  and  the  Black  Diamond  River  Mill 
in  Louisville  is  now  marketed  under  the  Black  Diamond  brand. 
It  is  said  that  the  good  name  of  this  brand  resulted  from  the  great 
care  used  in  picking  out  the  over-burned  and  underburned  cement 
and  because  the  cement  was  not  groimd  so  hot  as  was  the  general 
custom. 
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A  section  of  the  quarry  face  at  the  openingB  of  the  entries  is  as 
follows: 

Soil 8  to  12  feet 

New  Albany  black  shale 2  feet. 

Crystalline  limestone  (no  black  pebbles) 6  feet. 

Cement  rock   16  feet. 

The  mine  is  at  this  time  (Dec,  1900)  partly  filled  with  water,  lying 
as  it  does,  ahout  six  feet  below  the  level  of  Silver  Creek. 


ANALYSIS  OF    BLACK  DIAMOND  CEMENT   ROOK. 

Calcium  carbonate  (CaCO.)  51.05 

Magnesium  carbonate  (MgCO,)   32.97 

Silica  (SiOJ  O.eo 

Ferric  oxide  (FCaO,)  1.95 

Alumina  (AUO,) 2.77 

Lime  (CaO)  0.10 

Magnesia  (MgO)   0.11 

Undetermined  0.36 

Total 99.90 

f>.  Hoosier  Mill, — The  Hoosier  Cement  Co.  erected  in  the  fall  of 
1899  a  plant  for  the  manufacture  of  cement.  It  is  situated  just 
across  the  railroad  from  the  preceding  and  has  been  in  operation 
one  year.  It  operates  three  Campbell  patent  kilns,  with  bases  built 
for  two  more,  and  two  sets  of  buhrs.  Mining  has  been  the  rule  from 
the  start,  and  the  location  is  well  suited  to  that  process.  For  those 
entries  driven  to  the  north  and  east  the  mine  will  probably  be  self 
draining  or  entirely  dry.  The  section  below  shows  that  the  ledge 
of  cement  rock,  which  is  of  splendid  quality,  is  also  of  good  thickness. 

Roil  4  feet. 

Now  Albany  black  shale 6  feet. 

Bhie-gray     crystalline    limestone    (lower    part    with 

pebbles) 5  feet. 

Cement 15  feet. 

7.  The  Banner  Mill,  in  the  northeast  comer  of  section  66,  500 
yards  north  of  the  preceding;  a  new,  complete,  up-to-date  plant  for 
the  manufacture  of  cement.  The  capacity  of  the  new  mill  is  700 
barrc^ls  daily,  operating  five  kilns,  of  especial  design,  and  two  Wil- 
liams &  Griffin  grinding  mills.  The  cement  rock  is  obtained  by 
mining  with  the  use  of  compressed  air  and  electric  lighting.    Atten- 
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tion  has  been  called  in  the  section  on  Methods  of  Mining  to  the 
fact  that  the  slope  of  this  company  is  on  the  east  side  of  the 
property  and  that  the  entries  must  run  with  the  dip,  with  the  proba- 
bility of  a  resulting  bother  of  drainage. 
A  section  at  the  slope  shows: 

Soil 6  to    8  feet. 

New  Albany  black  shale 12  feet. 

Gray  crystalline  limestone 5  feet. 

Gemjent 16^  feet. 

The  limestone  overlying  the  cement  seems  to  thicken  to  six  to 
seven  feet  on  the  south  and  is  reputed  eight  feet  thick  in  the  pros- 
pecting wells.  It  shows  a  small  number  of  black  pebbles  at  the  base. 
A  section  of  one  of  these  wells  in  the  mill  yard  is  given  as  follows: 

Soil  10  feet. 

New  Albany  black  shale 16  feet. 

Hard  gray  limestone 8  feet. 

Cement 16  feet. 

Hard  flinty  limestone 56  feet. 

Salt  water  was  struck  at  this  point  and  the  well,  which  was  for 
steaming  purposes,  was  discontinued. 

8.  The  Olohe  Mill  was  erected  in  1897.  It  is  situated  in  the  west 
comer  of  section  67  and  has  a  capacity  of  650  barrels  daily,  operat- 
ing 5  Campbell  patent  kilns  and  one  run  of  buhrs.  The  oement 
rock  up  to  the  present  has  been  obtained  by  open  quarrying  but 
mining  has  just  been  started.  A  section  on  the  upper  side  of  the 
quarry  shows  as  follows: 

Soil  6  to     8  feet. 

New  Albany  black  shale 6  to    8  feet. 

Hard  gray  fossiliferous  limestone 5  feet. 

Cement   rock  16  feet. 

The  upper  foot  or  so  of  the  oomeni  ledge  has  some  conrrotionary 
splotches  of  lime  and  chert.     A  well  at  the  mill  gives  this  sertion: 

Soil  10  feet. 

New  Albany  black  shale 10  feet. 

Hard  gray  limestone 5  feet. 

Cement   rock  16  feet. 

Hard  gray  limestone 40  feet. 

9.  Falls  City  Mill  (Belknap  &  Co.) — This  plant  is  situated  one 
mile  south  of  Sellersburg  in  the  eastern  part  of  section  89,  and  was 
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opened  in  1866.  In  1873  there  were  in  operation  four  kilns  with  a 
daily  capacity  of  400  barrels.  Now  there  are  20  kilns  with  a  daily 
capacity  of  2,500  barrels.  At  first  the  cement  rock  was  obtained  by 
open  quarrying  until  something  like  15  acres  had  been  worked  out, 
and  then  mining  was  resorted  to.  The  entries  are  run  40  to  50  feet 
wide  without  timbering,  and  some  of  them  are  600  to  800  feet  long. 
The  drills  are  driven  by  compressed  air,  which  furnishes  ventilation, 
though  there  is,  in  addition,  an  air  shaft  in  the  rear  part  of  the 
mine.  The  mine  is  lighted  by  electricity.  The  rock  is  drawn  to  the 
mouth  of  the  mine  by  mules;  there  a  small  locomotive  draws  it  to 
the  crusher.  ITie  company  also  owns  a  small  locomotive  used  for 
switching  purposes  in  the  yards.  The  stripping  in  the  south  part  of 
the  quarry  is  quite  heavy,  but  enough  rock  to  make  1,500,000  barrels 
of  cement  has  been  stripped  and  the  stripping  crushed  and  sold  to 
the  county  for  road  metal  for  enough  to  pay  the  expense  of  stripping. 
A  section  of  the  quarry  and  quarry  well  is  as  follows: 

Ft,  In. 

Soil   5  0 

New  Albany  black  shale 10  0 

Bluish  gray  crystalline  limestone 5  to    0  0 

Cement    reels 15  4 

Hard  crystalline  limeHtoue 56  0 

The  lower  few  inches  of  the  limestone  overlying  the  cement  has  the 
characteristic  rounded  black  pebbles.  The  upper  foot  or  so  of  the 
cement  rock  has  scattering  calcareous  splotches. 

ANALYSIH  OF   BBLKNAP*S  FALLS  CITY   CEMENT  BOCK. 

Calcium  carbonate  (CaCO,)  * 52.50 

Magnesium  carbonate  (MgCO,) 35.09 

Silica  (SiOj)  9.80 

Ferric  oxide  (Fe,0,)  1.40 

Alumina  (AlaO,)  2.03 

Lime  (CaO)   0.04 

Magnesia  (MgO)    0.11 

Undetermined   0.47 

Total 101.44 

10.  The  Clark  County  Mill  was  established  in  1889.  The  mill  is 
situated  three-fourths  of  a  mile  south  of  Sellersburg  in  the  west 
quarter  of  section  90.  The  daily  capacity  is  900  barrels,  the  number 
of  kilns  seven,  the  number  of  run  of  buhrs  two.  The  rock  is  quarried 
in  an  open  quarry  and  stripping  is  done  by  steam,  as  described  in  the 
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section  on  Quarrying,  A  section  of  the  quarry  at  the  upper  side  is  as 
follows: 

Soil  10  feet. 

New  Albany  black  shale 2  feet. 

Hard  light  blue  to  gray  crystalline  limestone 4  feet. 

Cement  rock,  upper  ledge 4  feet. 

Cement  rock,  lower  ledge 10  feet 

The  lower  four  to  six  inches  of  the  overlying  limestone  is  conglom- 
eritic,  most  of  the  pebbles  being  in  a  drab,  gritty  bed  of  parting. 
The  pebbles  contain  a  good  deal  of  iron,  which  stains  the  rock  on 
exposure.  The  rock  itself  contains  some  flecks  of  pyrite  here  and 
there  and  decomposes  readily  into  a  black,  ferruginous,  residual  clay, 
in  which  the  characteristic  fossils  of  formation  are  found  in  fine 
preservation,  generally  silicified. 

11.  Golden  Rule  Mill. — This  plant  was  erected  in  1898,  about  a 
mile  northeast  of  Sellersburg  in  the  west  corner  of  section  112. 
It  has  a  capacity  of  500  barrels  daily,  operating  three  kilns  and  one 
run  of  buhrs.  Open  quarrying  is  employed  at  present.  A  section 
of  a  well  at  John  J.  Weber's,  just  south  of  the  quarry,  is  as  follows: 

Soil  and  clay 8  feet. 

New  Albany  black  shale 9  feet. 

Hard  gray  crystalline  limestone 3  feet. 

Cement  rock  16  feet 

.  1 2.  United  States  Mill, — This  plant  is  situated  in  the  north  corner 
of  the  same  section  (112)  as  the  preceding.  It  has  a  daily  capacity  of 
800  barrels,  operating  six  kilns  and  two  run  of  buhrs.  A  section  at 
the  quarry  is  as  follows: 

Soil  4  feet. 

Blue  cement  rock,  upper  ledge 3  feet. 

Blue  cement  rock,  middle  ledge : .  2  feet. 

Blue  cement  rock,  lower  ledge 8  feet. 

The  soil  is  residual  from  the  decomposition  of  the  limestone  over- 
lying the  cement  rock,  and  contains  the  pebbles  found  in  that  forma- 
tion. The  upper  ledge  of  the  cement  rock  consists  of  three  12-inch 
strata,  much  decomposed,  and  separated  by  arenaceous  clayey  part- 
ings. The  middle  ledge  contains  a  great  many  of  the  lime  and 
chert  concretions.  The  lower  ledge  is  the  one  which  is  used,  and  is 
the  characteristic  blue  cement  rock. 

13.  Speed  Mills  (J.  Speed  &  Co.) — These  mills  are  situated  at 
Speed  Station,  and  were  erected  in  1866.     In  1873  there  were  in 
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operation  eight  kilns  and  four  run  of  buhrs,  having  a  daily  capacity 
of  1,000  barrels.  Now  the  plant  consists  of  two  independent  mills, 
with  a  capacity  of  4,000  barrels  daily,  and  operating  31  kilns,  10  run 
of  buhrs,  seven  coarse  crushers,  one  Clark  mill,  10  re-grinders  and 
18  screens. 

Cement  rock  was  long  gotten  from  an  open  quarry  near  the  mill, 
and  something  like  25  acres  of  ground  was  worked  over.  Recently 
a  new  quarry  was  opened  near  the  middle  of  section  132,  at  a  dis- 
tance of  one  and  three-fourths  miles  from  the  mills,  but  connected 
with  them  by  a  steam  tramway.  The  new  quarry  is  most  advan- 
tageously situated  for  open  quarrying,  being  located  upon  a  flat 
ridge  upon  which  the  stripping  will  not  average  more  than  four  or 
six  feet,  and  that  almost  entirely  earth.  The  large  amount  of  earth 
stripping  has  led  the  company  to  develop  the  system  of  stripping  by 
steam,  as  described  in  the  section  on  Quarrying.  A  section  of  the 
quarry  is  as  follows: 

Soil  2  feet. 

New  Albany  black  shale 3  feet. 

Black  buckshot  clay 1  foot. 

Soft  buff  arenaceous  rock 1  foot. 

Cement   rock IG  feet. 

The  shale  exposed  in  this  section  is  much  decomposed  and  gray  in 
color.  The  limestone  below  has  decomposed  entirely,  giving  the  re- 
sidual black  buckshot  clay,  containing  the  characteristic  fossils  and 
black  pebbles  of  the  Sellersburg  limestone.  Below  comes  a  bed  of 
buff  ocreous,  arenaceous  stone,  apparently  a  weathered  sandy  part 
of  the  cement  rock.  This  is  cast  aside  in  quarrying.  The  upper 
four  inches  of  the  ledge  has  the  calcareous  and  siliceous  blotches 
which  have  heretofore  been  described.  The  ledge  itself  is  perfectly 
massive,  having  no  vertical  joint  cracks  and  but  one  horizontal  part- 
ing. The  methods  of  quarrying  and  loading  employed  at  this  quarry 
have  been  described  in  the  section  headed  Quarrying, 

ANALYSIS  OF  SPEED*S  CEMENT   ROCK. 

(.'aloiuui  carbonate  (CaCO.)  01.70 

Magnesium  carbonate  (MgCO,)   16.74 

Silica  (SiOJ  13.65 

Ferric  oxide  (Fe,0,)  1.45 

Alumina  (AUO,)  3.46 

Lime  (CaO)  0.15 

Magnesia  (MgO) 0.25 

Undetermined  0.86 


Total 88.66 

25— Geol. 
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14.  Hausdale  Mill, — This  mill  is  situated  in  the  northern  part  of 
section  149,  two  and  one-half  miles  north  of  Sellershurg.  It  was 
erected  in  1891  and  has  a  daily  capacity  of  1,000  barrels,  operating 
eight  modern  kilns  and  four  run  of  buhrs.  A  section  of  the  quarry 
shows: 

Ft.  In, 

New  Albany  black  shale  3  to    4  0 

Black  dirt  stratum 2  C 

Cement   rock  16  0 

The  shale  is  gray  to  buff  in  color  and  much  decomposed.  The  lime- 
stone beneath  has  decomposed  into  the  residual  clay  stratum,  the 
bottom  part  of  which  is  very  black  and  contains  a  few  rounded  black 
pebbles. 

The  cement  rock  is  in  three  ledges.  The  lower  one  is  quite  blue 
and  makes  white  cement,  though  when  overburned  it  is  like  iron  ore 
and  very  hard.  The  upper  ledges  are  the  characteristic  cement 
rock.  The  rock  is  obtained  by  open  quarrying,  there  being  no  roof 
or  necessity  for  mining,  as  yet. 


ANALYSIS  OF   HAUSDALE  CEMENT  ROCK. 

C'alcium  carbonate  (CaO,)   CiCGO 

Magnesium  carbonate  (MgCO.)   15.90 

SiUca  (SiOs)  15.21 

Ferric  oxide  (Fe,0,)  1.44 

Alumina    (A1,0,)    4.07 

Lime  (CaO)   0.07 

Magnesia  (MgO)    0.32 

Undetermined   O.SO 

Total 98.50 


Thv  foregoing  mills  are  all  situated  upon  or  connected  by  switches 
with  the  Tvouisville  division  of  the  Pennsylvania  Kailway.  Those 
following  an*  situated  upon  the  Jeffersonville  branch  of  the  R.  &  O. 
Railway. 

If).  A'.  tC*  /.  Mill. — This  mill  is  situated  in  the  eastern  corner  of 
section  34  and  was  erected  in  1888.  It  has  a  capacity  of  900  barrels 
daily,  operating  eight  kilns  and  two  Williams  grinding  mills.  The 
rock  was  quarried  from  open  quarries  for  a  time,  when  mining  was 
resorted  to,  and  entries  have  been  driven  800  feet  to  the  southeast, 
reaching  nearly  to  the  county  road.  Compressed  air  is  used  in  two 
Rand  wall  drills  and  the  escaping  air  ventilates  the  mine,  which  is 
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lighted  by  electricity.     The  rock  is  drawn  from  the  mine  to  the 

foot  of  the  incline  by  horsepower.     A  section  of  the  quarry  is  as 

follows: 

Ft,  In, 

Arenaceous  drab  limestone 2  0 

Chert 0  10 

Cherty  "bastard"  rork 9  0 

Cement 10  0 

The  gritty  drab  limestone  at  the  top  of  the  section  containing 
many  Spirifer  granulosus  and  Atrypa  reticularis  probably  represents 
the  Sellersburg  limestone.  The  bastard  rock  contains  a  great  deal 
of  chert  in  the  form  of  bands  of  concretions,  amounting  to  perhaps 
one-half  of  the  whole  rock  mass.  A  rock  crusher,  to  use  the  chert 
and  cherty  limestone  for  road  metal,  ought  to  be  a  good  investment 
here. 

IG.  Queen  City  Mill  (J.  Speed  &  Co.) — This,  which  is  the  old  Sable 
&  Gilmore  mill,  was  moved  to  Watson  about  1869(?)  It  has  been 
closed  since  1893,  the  company  finding  it  more  economical  to  manu- 
facture their  quota  at  their  large  mill  at  Speed  Station.  The  mill 
has  a  daily  capacity  of  600  barrels  with  six  kilns  and  four  run  of 
buhrs.  The  rock  was  obtained  by  open  quarrying.  A  section  of  the 
quarry  is  as  follows: 

Ft,  In. 

( 'herty  bastard  rook 8  0 

Shale 0  lto3 

Cement  (bottom  concealed) 12  0 

The  ledge  of  bastard  rock  contains  a  great  many  white  flint  con- 
cretions with  dark  centers,  aggregated  around  various  fossils,  as 
gastropods  and  bryozoa.  The  matrix  contains  Spirifer  granulosus, 
Atrypa  reticularis  and  Chonetes  yandellanus.  A  thin  shale  parting 
comes  between  the  bastard  rock  and  the  cement  ledge.  The  cement 
lodge  is  massive  and  contains  the  same  fossils  as  the  bastard  rock. 

17.  Ifaymal'er  Mill. — This  mill,  which  is  in  the  extreme  southern 
corner  of  section  95,  about  two  miles  south  of  Charlestown,  is  a  new 
and  complete  one,  having  been  erected  in  1892.  It  has  a  daily  ca- 
pacity of  1,000  barrels,  operating  eight  kilns  and  four  run  of  buhrs. 
The  rock  is  obtained  by  open  quarrying.  A  section  of  the  quarry  is 
as  follows: 
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ft.  In, 

Red    soil 2  6 

New  Albany  black  shale 1  2 

White  crystalline  encrinltal  limestone 4  6 

Arenaceous  gray  limestone 0    G  to  8 

Cement  roclc 8  0 

Dark  blue  cement  shale  (bottom  concealed) 2  0 

The  encrinit^l  limestone  just  below  the  New  Albany  Black  shale 
is  exceedingly  rich  in  crinoids,  though  mostly  of  one  species,  Megisto- 
crinus  rugosvs.  It  ako  contains  a  number  of  the  characteristic  black 
pebbles  distributed  through  a  distance  of  six  or  eight  inches  from 
the  bottom.  The  gritty  stratum  just  below  contains  a  great  many 
of  those  pebbles  which  are  somewhat  ferruginous.  It  contains 
further-  a  few  fossils,  as  Spirifer  granulosus,  etc.  The  dark  blue  shale 
stratum  at  the  bottom  of  the  section  is  used  for  cement.  The 
cement  rock  contiiins  but  few  Chonetes  yandellanus,  but  has  Spirifer 
mucronaia(?),  Spirifer  acuminatus,  A  try  pa  reticularis,  Bryozoa  and 
a  trilobite. 

18.  Standard  MilL — This,  the  most  eastern  of  the  cement  works, 
is  situated  about  two  miles  north  of  Gharlestown,  in  the  west  comer 
of  section  138.  It  was  erected  in  1897.  The  rock  is  obtained  by 
mining,  five  entries  having  been  driven  some  distance  into  the  ledge. 
The  mine  is  equipped  with  Rand  wall  drills  and  a  compressed  air 
plant.  The  mill  has  a  capacity  of  500  barrels  daily,  operating  five 
kilns  and  two  run  of  buhrs.    A  section  of  the  quarry  is  as  follows: 

Soil   4  feet. 

New  Albany  black  shale 2  feet. 

Bastard   limestone 8  feet. 

Cement   rock  8  feet. 

The  bastard  ledge  contains  no  fossils,  but  many  cherty  concretions. 
The  cement  ledge  also  contains  a  good  many  of  these. 

19.  The  Black  Diamond  River  Mill  (Belknap  &  Co.),  in  Ix)uisville, 
should  be  described  as  being  intimately  connected  with  the  Indiana 
mills.  Cement  rock  is  quarried  from  the  reef  at  Falls  of  Ohio  dur- 
ing low  water. 

20.  The  Tfulme  Mill  (J.  Speed  &  Co.),  at  Shippingsport,  likewise 
uses  cement  rock  from  the  Falls  of  the  Ohio. 

For  convenience  of  reference  a  t^ibular  vicAv  is  herewith  presented 
of  the  different  mills,  their  equipments  and  capacities. 
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THE  INDIANA  CX)LITIC  LIMESTONE  INDUSTRY 

IN  1900* 


By  C.  E.  Sieremthal. 


The  Indiana  oolitic  limestone  is  one  of  the  best  known  building 
stones  of  the  United  States  and,  in  more  than  thirty  States,  has  an 
enviable  reputation  as  a  handsome,  easily-worked  freestone  of  great 
durability. 

Occurrence. — It  occurs  as  a  massive  stratum,  varying  from  a  few 
feet  to  nearly  a  hundred  in  thickness,  intercalated  near  the  middle 
of  the  subcarboniferous  limestones  of  Indiana.  Its  dendritic  outcroij) 
has  been  traced  in  detail  for  a  distance  in  a  direct  line  of  nearly  110 
miles  through  Owen,  Monroe,  Ijawrence,  Washington,  Harrison  and 
Crawford  counties.  Whatever  be  the  thickness  of  the  oolitic  stratum, 
it  is,  with  rare  exceptions,  massive,  and  the  size  of  the  blocks  which 
may  be  quarried  is  limited  only  ])y  the  capacity  of  the  quarry  ma- 
chinery and  transportation  facilities. 

Physical  Characteristics. — In  texture  the  Indiana  oolitic  lime- 
stone is  essentially  a  freestone  inasmuch  as  it  works  nearly  equally 
well  in  all  directions.  This  quality  is  due  to  its  massive  and  semi- 
clastic  character.  In  places  the  true  oolitic  structure  discloses  its 
organic  origin,  while  in  other  places  the  absence  of  oolite  and  the 
presence  of  local  cross-bedding  betrays  its  clastic  origin.  Occur- 
rences of  oolite  arc  very  local,  by  far  the  greater  part  of  the  stone 
being  oolitic,  but  not  oolite.  The  size  of  the  grain  varies  in  different 
parts  of  the  area,  and  in  different  horizons  at  any  one  locality.  The 
preference  of  the  markets  is  for  the  finer  grained,  and  the  first  grade 
stone  is  very  fine  grained  and  homogeneous.  The  coarser  gi'ained 
variety  works  quite  as  well,  and  when  once  erected  can  not  be  distin- 
guished from  the  other. 

The  original  color  of  the  oolitic  limestone  varies  from  light  to 
rather  dark  blue.  On  the  outcrop  and  along  the  vertical  clay  seams, 
where  the  stone  has  been  exposed  to  the  leaching  action  of  terres- 
trial waters  impregnated  with  the  acids  of  organic  decomposition, 
the  color  has  been  changed  to  a  buff;  and  the  bluer  the  stone  was 

^390) 


INDIANA  OOLITIO   LIMESTONE   INDUSTRY.  391 

originally,  the  more  pronounced  the  buff  color  of  the  altered  part. 
The  buflF  stone  has  the  preference  in  the  markets  now,  although  a 
few  years  ago  the  reverse  was  true,  and  in  a  few  years  is  likely  to  be 
so  again.  While  the  buff  stone  is  necessarily  restricted  to  that  zone 
which  has  been  restricted  to  leaching,  and  is  limited  in  quantity, 
the  blue  stone,  on  the  contrary,  when  once  reached,  extends  back  as 
far  as  the  ledge  reaches,  and  is  practically  unlimited  in  quantity. 
It  is  to  be  presumed  that  the  blue  stone,  not  having  been  subjected 
to  leaching  and  weathering,  is  the  stronger  and  more  durable  stone, 
though  it  is  possible  that  the  leaching  process  may  result  in  a  firmer 
cementation  of  the  stone,  and  thus  make  it  more  durable. 

Recent  Developments. — In  the  Stinesville  district  the  produc- 
tion of  Bedford  stone  has  been  at  a  standstill  for  several  years,  but 
with  the  resumption  of  operations  by  the  Indiana  Oolitic  Limestone 
Company  and  others  and  the  opening  of  a  new  quarry  by  the  Stines- 
ville and  Bloomington  Stone  Company  things  promise  to  resume  their 
wonted  activity  in  this  oldest  of  the  stone  districts. 

The  Indiana  Stone  Railway  is  the  name  of  a  short  railway  line  in 
Monroe  County,  finished  in  1899,  which  has  made  possible  .the  de- 
velopment of  one  of  the  best  quarry  districts  in  the  whole  oolitic 
field.  Leaving  the  Chicago,  Indianapolis  and  Louisville  Railway  at 
Clear  Creek  Station,  it  follows  the  tortuous  valley  of  Clear  Creek, 
dodging  from  side  to  side  to  escape  the  bluffs,  crossing  it  a  dozen 
times,  and  rejoins  the  main  line  at  Harrodsburg  Station,  some  nine 
miles  from  the  point  of  departure.  The  quarry  ledge  outcrops  back 
in  the  hills  on  each  side  of  the  main  valley  and  of  each  valley  branch- 
ing off  from  it.  The  road  will  thus  open  up  a  linear  extent  of  fifty 
miles  of  the  ledge  which  has  hitherto  been  inaccessible.  Over  this 
entire  distance  the  ledge  varies  from  forty  to  fifty  feet  in  thickness 
and  is  of  first  quality  in  point  of  texture  and  color.  This  remarkable 
uniformity  in  thickness  offers  great  promise  that  this  district  will  in 
time  1)0  the  greatest  producer  of  Bedford  stone  in  the  whole  belt, 
and  already  a  number  of  quarrries  have  been  opened. 

The  Clear  Creek  Stone  Co,  took  out  a  large  quantity  of  stone  from 
its  two  quarries  during  the  current  season.  The  company  will  at 
once  proceed  to  the  erection  of  a  large  and  well  appointed  mill. 

The  Crafton  Stone  Co.  and  the  Buff  and  Blue  Oolitic  Stone  Co. 
have  made  three  openings  and  laid  plans  for  the  erection  of  a  mill, 
but  prolonged  litigation  has  embarrassed  operations  very  much. 

The  Acme-Bedford  Stone  Co.  is  erecting  a  large  mill  at  their  quarry 
two  miles  south  of  Clear  Creek  Station. 
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In  the  Bedford  region  the  last  two  or  three  years  have  been 
marked  by  the  abandonment  of  several  unsuccessful  quarries,  and  by 
improvements  in  the  plants  of  the  more  successful  companies,  nota- 
bly by  the  erection  of  the  largest  mill  in  the  district  by  the  Bedford 
Quarries  Co,  at  Oolitic,  Lawrence  County. 

Attention  has  heretofore  been  called  to  the  wonderful  promise 
of  the  Fishing  Creek  district  of  Lawrence  County,  and  the  prediction 
made  that  suitable  development  awaited  it  at  no  distant  date.  That 
prediction  seems  in  a  fair  way  to  be  verified.  The  Cleveland  Stone 
Co.  of  Ohio,  notwithstanding  their  unfortunate  venture  in  the  field 
in  1886,  have  determined  to  re-enter  \hQ  field  under  the  name  of  the 
American  Quarries  Co.  This  company  has  acquired  interests  in  the 
Pishing  Creek  district.  The  Bedford  Stone  Railroad  Company  has 
been  organized  and  is  building  from  Rivervale  on  the  Baltimore  and 
Ohio  Southwestern  Railway  to  Leipsic  on  the  Chicago,  Indianapolis 
and  Louisville  Railway,  a  distance  of  eight  miles.  The  road  will 
traverse  Fishing  Creek  valley  from  foot  to  head  and  open  up  about 
six  miles  of  the  ledge  not  now  accessible. 

Production  and  Prices. — In  the  table  appended  below  the  price 
per  cubic  foot  is  the  average  price  for  the  whole  product  including 
the  sawed  stone.  Inasmuch  as  the  amount  of  the  sawed  stone  varies 
in  its  proportion  to  the  whole  amount  quarried,  the  average  is  viti- 
ated to  that  extent,  but  not  enough  to  seriously  affect  it  for  purposes 
of  comparison.  The  Indiana  Oolitic  Limestone  association  was 
formed  in  1895,  disbanding  the  same  year,  but  not  without  leaving 
its  impress  on  the  prices  for  that  year.  The  low  prices  which  pre- 
vailed thereafter  had  the  effect  of  closing  down  many  of  the  smaller 
quarries,  the  number  in  operation  running  down  from  95  per  cent, 
in  1895  to  46  per  cent,  in  1898  and  47  per  cent,  in  1899.  While 
prices  have  not  recovered  to  any  great  extent,  yet  the  prospects  for 
the  trade  are  so  much  better  that  the  smaller  quarries  are  encouraged 
to  start  up,  as  is  shown  by  the  (S(S  per  cent,  in  operation  in  1900. 
That  the  production  for  that  year  shows  a  slight  falling  off  from  that 
of  1899  is  due  entirely  to  labor  troubles  in  Chicago  which  paralyzed 
the  building  trades  throughout  the  season  of  1900. 
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ANNUAL  REPORT  OF  THE  STATE  NATURAL  GAS 

SUPERVISOR* 


LETTER  OF  TRANSMITTAL. 

Office  of  State  Natural  Gas  Sui'Ervisor, 

KoKOMO,  Ind.,  January  14,  1901. 

Prof.  W.  S.  BUUchley,  State  GeologiH : 

Sir — In  obedience  to  the  provisions  of  section  7604  of  the  Revised 
Statutes  of  the  State  of  Indiana,  I  transmit  to  you  herewith  the 
ninth  annual  report  of  the  State  Natural  Gas  Supervisor.  It  is  for 
the  year  ending  December  31,  1900,  and  is  largely  confined  to  the 
work  of  this  office  during  that  period,  and  a  brief  statement  of  the 
present  condition  of  the  natural  gas  territory. 

Acknowledging  the  cordial  support  that  T  have  received  from  you 
during  the  past  year,  I  remain. 

Yours  respectfully, 

J.  C.  LEACn, 
State  Natural  Gas  Supervisor. 
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DUTIES  OF  THE  STATE  NATURAL  QASiSUPERVISOR. 

Briefly  summarized,  the  duties  of  the  State  Natural  Gas  Super- 
visor, as  defined  by  sections  7504-5  of  the  Revised  Statutes  of  the 
State  of  Indiana,  are  as  follows: 

1.  To  make  a  personal  inspection,  as  far  as  it  is  practicable,  of  all  the 
natural  gas  wells  and  pipe  lines  in  the  State,  the  latter  to  be  inspected  as 
often  as  it  may  be  necessary. 

2.  To  see  that  all  the  provisions  of  law  pertaining  to  the  drilling 
of  wells  and  the  piping  and  consumption  of  natural  gas  are  observed,  and 
that  the  penalties  for  the  violation  of  the  same  are  enforced. 

3.  To  make  an  annual  report  to  the  State  Geologist  in  which  shall  be 
given  certain  statistical  information  regarding  the  geological  formation 
of  the  gas  field,  the  rock  pressure  and  production  of  gas  wells,  pipe  lines 
used  for  the  transportaton  of  natural  gas,  manufacturing  industries  lo- 
cated on  account  of  natural  gas,  and  such  other  information  as  the  State 
Geologist  may  require. 


INSPECTION  OP  GAS  WELLS. 

The  purpose  of  an  annual  inspection  of  gas  wells  in  this  field  is 
to  ascertain  the  rock  pressure  of  the  field  and  the  rate  of  decrease, 
the  production  of  wells  and  the  condition  of  the  natural  gas  supply 
in  so  far  as  these  tests  will  reveal  it.  These  are  subjects  in  which 
all  consumers  of  natural  gas  are  interested  and  the  annual  reports 
from  this  office  regarding  the  same  form  an  interesting  chapter  in 
the  history-  of  this  field.  To  secure  this  information  during  the  early 
history  of  the  field  was  not  a  difficult  task.  Then,  the  rock  pressure 
of  the  entire  field  tended  to  equalize  during  periods  of  light  draught, 
and  it  was  but  necessary  to  test  a  few  wells  located  in  different  sec- 
tions of  the  field  to  ascertain  the  field  pressure.  This  condition 
has  changed.  In  some  instances  a  heavy  draught  on  one  section  of 
the  field  does  not  affect  localities  near  by.  The  rock  pressure 
of  the  field  no  longer  equalizes.    A  large  number  of  wells  located  in 
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varioTis  sections  of  the  field  must  be  tested  to  determine  the  field 
pressure,  if  such  it  can  be  termed.  However  much  interested  the 
consumers  of  natural  gas  are  in  this  subject  at  the  present  time,  it  is 
of  minor  importance  when  compared  with  that  work  which  has  for  its 
purpose  the  husbanding  of  the  supply  of  this  gaseous  fuel,  and  but 
little  time  has  been  given  to  it  the  past  year. 

PIPE  LINE  INSPECTION. 

The  purpose  of  pipe  line  inspection  is  to  prevent  waste.    Natural 
gas  escaping  from  the  many  pipe  lines,  both  large  and  small,  that 
line  nearly  every  road  in  tlie  gas  field,  attracts  the  attention  of  the 
public  more  than  any  other  classs  of  waste.    A  very  small  amount 
of  gas  whistling  from  a  pipe  line  near  the  highway  will,  often  times, 
attract  more  attention  from  those  unaccustomed  to  the  work  than 
100,000  cubic  feet  of  gas  escaping  from  an  oil  or  gas  well.    I  do  not 
underestimate  the  amount  of  gas  that  is  wasted  from  this  source; 
it  is  large,  I  know,  and  there  is  little  excuse  for  it,  but  in  its  proper 
connection  I  will  speak  of  another  class  of  natural  gas  waste  that 
is  a  much  heavier  drain  upon  the  resources  of  the  field  than  that 
from  pipe  lines  and  yet  it  receives  but  little  attention  from  those 
most  interested  in  the  future  of  the  gas  field,  the  consumers.    Pre- 
vious to  1899  there  was  no  law  prohibiting  pipe  line  waste  and  at 
my  suggestion  the  General  Assembly  that  met  that  year  enacted  a 
law  authorizing  the  Natural  Gas  Supervisor  upon  the  discovery  of 
any  leak  in  any  pipe  line  to  notify  the  owner  or  superintendent  of 
the  same  to  repair  it  and  in  case  he  does  not  comply  within  two 
days  after  receiving  the  said  notice,  it  becomes  the  duty  of  the 
Supervisor,  under  the  law,  to  make  such  repairs  as  may  be  necessary 
to  stop  the  leak,  and  collect  the  cost  of  the  same  from  the  owner  of 
the  line.     Though  I  have  not  had  occasion  to  enforce  the  penalty 
provided  for  the  violation  of  this  law,  it  has  rendered  me  very 
effective  aid.    A  large  majority  of  the  waste  from  pipe  lines  comes 
from  negligence  on  the  part  of  superintendents  of  gas  plants  or  field 
men,  and  one  notice,  as  provided  by  law,  has,  to  date,  been  sufficient. 
The  notice  provided  in  the  act  should  not  be  necessary.     An  in- 
dividual or  corporation  engaged  in  selling  natural  gas  or  a  manu- 
facturer owning  his  own  gas  plant  should  appreciate  the  value  of  this 
fuel  enough  to  keep  his  lines  in  repair  without  notice  from  the  State. 
The  time  has  come  when  the  law  should  be  more  drastic. 

Most  of  the  time  of  two  men  has  been  given  to  the  inspection  of 
pipe  lines  since  last  June,  and,  as  a  result,  less  gas  is  being  wasted 


REPOHT  OF  STATE  NATURAL  GAS  SUPEHYISOH.  397 

from  this  source  at  present  than  at  any  time  in  the  history  of  the 
field.  The  agitation  on  this  subject  is  doing  much  gooa.  There 
was  a  time  when  the  waste  of  gas  from  any  source  caused  but  little 
<»omment.  Now,  the  vandal-like  waste  of  the  past  is  rehearsed  over 
and  over  by  the  manufacturer  who  finds  fresh  evidence  of  a  diminish- 
ing supply  of  fuel  each  day.  By  some,  this  ofiice  is  expected  to  stop 
{ill  waste,  regardless  of  the  co-operation  of  the  consumer  and  owner 
of  pipe  lines.-  It  would  be  an  easy  task,  indeed,  if  every  one  having 
an  interest  in  the  natural  gas  industry  would  do  his  duty  and  not 
permit  waste  from  his  own  lines. 

NATURAL  GAS  LAWS  OF  INDIANA. 

The  laws  of  the  State  of  Indiana  relating  to  natural  g«8  prohibit — 

1.  The  use  of  natural  gas  for  iUuminating  purposes  in  flambeau  lights. 
(Acts  1891,  page  55.) 

2.  Any  person,  firm  or  corporation  having  possession  or  control  of 
any  natural  gas  or  oil  well  from  allowing  the  flow  of  gas  or  oil  from  such 
well  to  escape  into  the  open  air  for  a  longer  period  than  two  (2)  days  next 
after  gas  or  oil  shall  have  been  struclc  in  such  well.    (Acts  1893,  page  300.) 

3.  The  owner  or  superintendent  of  any  pipe  line,  machinery,  appa- 
ratus, appliance  or  device  used  in  the  regulation  and  distribution  of  natural 
gas  from  permitting  the  gas  in  the  same  to  escape  into  the  open  aJr;  see 
••Pipe  Line  Inspection"  above.    (Acts  1899.  page  83.) 

4.  The  abandoning  of  oil  or  gas  wells  without  properly  plugging  the 
same.     (Acts  1893,  page  300.) 

5.  The  piping  of  natural  gas  from  any  point  within  this  State  to  any 
point  without  this  State.  (Acts  1889,  page  309.)  It  has  been  found  im- 
l>osslble  to  enforce  this  statute,  the  Supreme  Court  upon  two  occasions 
liaving  declared  it  to  be  unconstitutional. 

Wy  the  Act  of  March  4,  1891  (Acts  1891,  page  89)  further  attempt 
was  made  to  regulate  the  production  and  transportation  of  natural 
jjas.    This  act  sought  to  accomplish  four  prohibitions: 


J? 


1.  The  transportation  of  natural  gas  through  pipes  at  a  pressure  ex- 
ceeding 3(X)  pounds  to  the  square  inch. 

2.  The  transportation  of  natural  gas  through  pipes  by  any  other  than 
natural  pressure. 

.S.  The  use  of  any  device  or  artificial  process  for  the  purpose  of  in- 
creasing the  flow  from  the  wells. 

4.  The  use  of  any  device  or  artificial  process  for  the  purpose  of  in- 
creasing or  maintaining  the  flow  of  natural  gas  through  pipe  lines. 

The  attempt  to  enforce  this  statute  has  resulted  in  litigation  lead- 
ing to  the  overthroM'  by  the  Supreme  Court  of  the  State  of  several 
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features  of  the  act  on  constitutional  grounds.  An  attempt  by  the 
Manufacturers*  Natural  Gas  and  Oil  Co.  et  al.  (a  number  of  manu- 
facturers in  the  gas  field,  interested  in  the  preservation  of  the  supply 
of  gas)  to  enjoin  the  Indiana  Natural  Gas  and  Oil  Company  from 
using  artificial  devices  to  increase  the  flow  of  gas  in  pipe  lines  has 
been  held  to  be  an  inhibition  against  the  right  of  interstate  com- 
merce and  therefore  unconstitutional.  In  the  same  series  of  cases 
it  was  further  held  by  the  Supreme  Court  that  the  attempt  to  dis- 
criminate between  artificial  and  natural  pressure  in  the  transporta- 
tion of  natural  gas  was  ineffectual  for  the  same  constitutional  rea- 
sons. The  right  to  prohibit  the  use  of  pumps  or  other  devices  for 
the  purpose  of  accelerating  the  flow  from  the  wells  has  been  upheld 
as  a  measure  of  protection  against  the  improper  production  of  gas. 
Whether  or  •not  the  provisions  of  the  Act  limiting  the  presssure 
to  300  pounds  to  the  square  inch  in  pipe  lines  can  be  enforced  is  not 
fully  settled.  An  effort  to  enjoin  the  transportation  of  gas  at  a 
higher  pressure,  through  a  suit  instituted  by  the  Manufacturers* 
Natural  Gas  and  Oil  Co.  et  al.,  referred  to  above,  failed  in  the  Su- 
preme Court  on  the  grounds  that  the  plaintiffs  failed  to  show  such 
special  interest  in  themselves  as  warranted  the  action.  The  effect 
of  this  decision  is,  that  only  such  persons  or  corporations  as  those 
whose  property  or  persons  are  exposed  to  danger  or  risk  incident  to 
such  extreme  pressure,  can  be  heard  to  complain  of  it«  use. 

THE  USE  OF  NATURAL  GAS  IN  FLAMBEAU  LIGHTS. 

During  the  early  history  of  the  gas  field  and  until  1896,  one  of 
the  most  wasteful  uses  of  natural  gas  was  the  flambeau  lights  that 
could  be  seen  burning  night  and  day,  year  in  and  year  out,  in  every 
section  of  the  field.  An  average  natural  gas  flambeau  consumes 
from  150  to  200  cubic  feet  of  gas  per  hour.  Considering  the  quality 
of  the  light,  this  is  certainly  a  very  extravagant  use,  if  not  an  ab- 
solute waste  of  gas.  Though  the  law  was  enacted  in  1891,  but  little 
was  done  toward  enforcing  it  until  1896,  and  then  much  opposition 
was  encountered.  At  that  time,  a  suit  instituted  in  the  Blackford 
County  Circuit  Court  to  enforce  it  was  appealed  to  the  Supreme  Court 
of  the  State,  where  its  constitutionality  was  upheld.  This  did  much 
to  quiet  the  opposition  that  had  been  manifested  toward  it.  At 
present,  natural  gas  flambeaux  are  used  by  most  drillers  and  a  few 
manufacturers  only.  In  many  cases  where  they  are  used  during  win- 
tor  there  is  a  defense  that  would  make  the  enforcement  of  the  law 
difficult.     Also,  in  localities  where  public  sentiment  does  not  favor 
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the  enforcement  of  the  law  as  written,  it  is  difficult  to  secure  a  con- 
viction. In  this  I  can  speak  from  experience,  i  have  given  all  the 
time  possible  to  this  subject  during  the  past  year  and  have  succeeded 
in  getting  the  lights  in  a  majority  of  the  factories  changed.  In  some, 
jiatural  gas  for  illuminating  purposes  has  given  way  to  electricity. 
In  others,  the  large  lights  formerly  used  have  been  replaced  with 
more  economical  lights,  though  it  is  difficult  to  get  such  a  light  that 
is  satisfactory  for  factory  purposes.  I  do  not  deem  it  wise  for  me 
to  give  much  time  to  this  subject  when  there  are  so  many  other 
Hint  tors  of  vastly  more  importance  that  demand  attention. 

THE  ESCAPE  OF  NATURAL  GAS  FROM  WELLS. 

To  enforce  the  law  relating  to  the  escape  of  natural  gas  from 
wells,  and  thus  prevent  a  wholesale  waste  of  this  gaseous  fuel  in 
sections  of  the  gas  field  where  oil  is  found,  has  consumed  most  of 
my  time  during  the  past  year.  What  is  known  as  the  Indiana  oil 
field  is  located  on  the  northeastern  border  of  the  gas  territory  and 
embraces  parts  of  Adams,  Grant,  Huntington,  Jay  and  Wells  coun- 
ties. This  is  distinctly  oil  territory,  and  while  occasionally  some 
gas  is  found,  the  amount  is  insignificant  compared  with  the  value 
of  the  oil.  There  is  not  enough  gas  in  this  field  for  fuel  purposes, 
pipe  lines  from  the  main  gas  field  being  necessary  to  supply  fuel 
for  drilling  and  pumping  purposes. 

This  oil  territory  is  contiguous  to  the  gas  field,  and  it  is  difficult 
to  define  a  boundary  line.  Frequently  wells  drilled  near  it  produce 
both  gas  and  oil,  and  to  produce  the  latter  without  wasting  the  gas 
is  a  difficult  task,  inasmuch  as  only  a  limited  pressure  can  be  held 
in  an  oil  well  without  very  materially  reducing  the  production.  If 
the  well  has  ))een  drilled  to  test  the  territory,  the  incentive  to  operate 
it  for  a  short  time  at  least  is  great.  It  is  sometimes  necessary  to 
order  what  seems  to  be  a  productive  oil  well  closed  to  prevent  the 
waste  of  the  gas. 

DEVP^LOrMENT  FOR  OIL  IN  NATURAL  GAS  TERRITORY. 

'Jlie  idea  is  entertained  by  many  people  that  "oil  follows  gas" 
and  that  when  the  gas  is  exhausted  in  this  field,  that  the  entire  ter- 
ritory will  become  an  oil  field.  This  is  an  erroneous  idea,  as  any 
person  can  ascertain  by  acquainting  himself  with  the  history  of  other 
gas  fields.  W^hile  undoubtedly  natural  gas  and  oil  have  the  same  ori- 
gin and  are  stored  under  practically  the  same  conditions,  it  does  not 
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follow,  nor  is  it  true  that  the  two  products  are  always  found  asso- 
ciated. Much  of  the  abandoned  gas  territory  of  this  field  does  not 
show  any  signs  of  oil  whatever,  and  where  oil  has  been  found  it  is  in 
^'sand,^'  below  the  gas  rock,  with  a  hard  stratum  of  nonporous  rock 
between  the  two.  The  oil  occupies  a  separate  and  distinct  reservoir 
from  that  of  the  gas,  though  a  small  amount  of  gas  is  usually  found 
with  it.  The  gas  can  be  produced  without  wasting  the  oil,  but  to 
produce  the  oil  without  wasting  the  gas  is  a  much  more  difficult  task. 
To  prevent  waste  from  this  source,  the  law  was  enacted. 

Though  indications  of  oil  have  been  present  in  many  localities  in 
the  eastern  and  central  part  of  the  gas  field  for  a  number  of  years, 
no  attempt  was  made  to  develop  for  this  product  in  high  pressure 
gas  territory  prior  to  1897.  A  well  drilled  in  April  of  that  year  on 
the  Nimrod  Carver  farm,  about  two  and  one-half  miles  northeast  of 
Alexandria,  Madison  County,  proved  to  be  a  productive  oil  well,  as 
well  as  a  large  gas  well.  This  was  the  beginning  of  a  period^^of  waste 
that  will  never  be  forgotten  by  persons  interested  in  the  natural 
gas  supply  in  that  section  of  the  field.  From  April  23,  1897,  to 
March  12,  1898,  seventy-five  wells  were  drilled  for  oil  in  the  vicinity 
of  Alexandria.  Of  these,  forty  produced  both  gas  and  oil;  thirty- 
three,  gas  only,  and  two  were  *^dry,"  producing  neither  product.  The 
waste  of  gas  was  enormous.  To  prevent  damage  to  property  the 
escaping  gas  was  burned,  and  enough  was  consumed  daily  for  weeks 
to  supply  every  consumer,  both  domestic  and  manufacturing,  in 
the  city  of  Alexandria.  At  first  the  citizens  of  that  city  and  vi- 
cinity were  indifferent  to  this  waste,  and  any  attempt  to  enforce  the 
law  prohibiting  it  was  looked  upon  with  disfavor.  The  State  acted 
promptly  under  the  law  in  force  at  that  time,  which  involved  the  in- 
fliction of  a  penalty  only,  for  its  violation.  As  most  of  the  oil  oper- 
ators were  nonresidents  and  but  little  was  known  of  their  responsi- 
bilitv,  it  was  diflficult  to  enforce  the  law,  and  when  it  was,  it  amounted 
to  little  more  than  a  license,  and  did  not  stop  the  waste  of  gas.  What 
the  State  wanted  was  to  stop  this,  and  that  at  once,  and  the  penalty 
law  failed. 

March,  1898,  the  Supreme  Court  of  the  St^te  decided  the  anti- 
waste  law  constitutional,  and  also  that  the  State,  or  an  individual 
interested  in  the  supply  of  gas,  could  stop  the  waste  of  this  fuel  by 
injunction.  This  closed  the  oil  wells  and  stopped  the  waste  of  gas 
in  this  territory  for  the  time.  These  cases  were  affirmed  by  the  Su- 
preme Court  of  the  L'nited  States,  and  the  question  was  settled.  In 
the  meantime  the  citizens  of  Alexandria  and  the  entire  gas  belt  had 
awoke  to  the  true  condition,  and  since,  the  State  has  had  their  co- 
operation in  every  effort  to  husband  the  supply  of  this  fuel. 
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From  the  time  the  oil  wells  at  Alexandria  were  closed  until  the 
latter  part  of  the  year  1899,  the  oil  industry  in  the  gas  field  was  quiet. 
At  that  time  the  Ohio  Oil  Company  cleaned  and  started  to  operate 
five  wells  located  on  the  Blake  lease,  ahout  two  and  one-half  miles 
northeast  of  Alexandria,  that  had  been  closed  by  injunction  less  than 
two  years  previous  to  prevent  the  waste  of  gas.  On  this  lease  it  was 
found  that  the  pressure  of  the  gas  had  decreased  until  it  did  not  seri- 
ously interfere  with  the  production  of  the  oil,  and  that  the  volume 
was  not  more  than  enough  to  operate  the  wells.  This  encouraged 
others  in  that  locality,  and  at  present  all  the  wells  that  were  closed  in 
1898  to  prevent  the  waste  of  gas  are  either  being  operated  for  oil  or 
have  been  abandoned.  Some  of  the  largest  producers,  when  closed, 
are  in  the  latter  class.  During  the  past  year  a  number  of  wells  have 
been  drilled  for  oil.  In  cases  where  they  produce  more  gas  than  is 
necessary  to  operate  them  and  are  not  located  near  a  large  pipe  line 
having  consumers  near  by,  sufficient  to  reduce  the  pressure  in  the  line 
to  a  very  low  point,  they  have  been  closed. 

Since  January  1,  1900,  in  this  locality  of  the  gas  field  there  have 
been  twenty-eight  old  wells  operated  for  oil.  Over  one-half  of  these 
are  being  operated  at  present,  though  the  production  is  small.  Dur- 
ing the  same  period,  thiri;y-three  new  wells  have  been  drilled.  Of 
the  entire  number,  sixty-one,  fori:y-five  showed  both  gas  and  oil  when 
drilled.  Twelve  wells  produced  gas  only,  and  four  did  not  show 
either  product  in  valuable  quantities.  Fifteen  of  these  wells  have 
been  closed  to  prevent  the  waste  of  gas,  and  ten  are  remaining  closed 
to  date.  In  ncariy  all  of  these  wells  being  operated,  the  pressure  of 
the  gas  reduces  the  oil  production. 

About  three  miles  southeast  of  Marion,  Grant  County,  is  another 
small  area  of  gas  territory  where  oil  is  being  found.  In  June,  1899, 
a  "wild  cat"  well  drilled  on  the  B.  F.  Van  Vactor  farm,  Section  15, 
Center  Township,  showed  both  oil  and  gas  in  large  quantities.  This 
was  promptly  closed  by  the  State  to  prevent  the  waste  of  gas.  Though 
all  the  available  territory  in  that  locality  was  soon  under  lease  for 
oil,  the  closing  of  the  Van  Vactor  well  discouraged  further  drilling  in 
that  territory  that  year.  Early  in  the  year  1900  an  old  gas  well  lo- 
cated a  short  distance  southwest  of  the  Van  Vactor  well  was  cleaned 
and  started  to  pump  for  oil.  It  showed  but  little  gas,  and  a  profitable 
oil  production  from  the  beginning.  This  encouraged  others  to  drill 
in  that  vicinity.  During  the  year  1900,  fifty-five  wells  have  been 
drilled  for  oil.  Eight  of  these  were  old  gas  wells.  Of  the  entire 
number  of  wells,  three  produce  gas  only,  and  two  show  neither  prod- 
uct.   The  most  productive  wells  are  located  in  sections  15,  16,  21  and 

26-G«ol. 
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24  of  Center  Township,  and  sections  28  and  29  of  Mill  Township. 
Twelve  oil  wells  have  been  closed  to  prevent  the  waste  of  gas,  and 
eight  are  remaining  closed  to  date.  While  none  of  these  wells  are 
large  producers,  a  majority  are  profitable,  and  are  maintaining  a 
fairly  uniform  output.  The  territory  should  not  be  judged  by  these 
wells,  as  but  few  show  a  natural  production  on  account  of  the  gas 
pressure.  Though  there  is  comparatively  little  gas  in  this  field,  and 
the  companies  operating  it  have  made  provision  to  care  for  any  sur- 
plus thai  they  may  have,  there  is  some  difficulty  in  reducing  the  pres- 
sure in  the  lines  to  a  point  low  enough  to  entirely  relieve  the  wells. 

Recently  a  few  wells  have  been  drilled  for  oil  in  the  territory  south- 
east of  Muncie,  Delaware  County.  Enough  oil  has  been  found  to  war- 
rant further  development  of  the  territory.  There  is  but  little  gas  and 
there  is  no  manifested  disposition  to  waste  it. 

What  seems  to  be  the  most  productive  "oil  pooP  that  has  been 
found  in  the  gas  belt  this  year  is  near  Hartford  City,  Blackford 
County.  Within  the  past  three  months  twenty-three  wells  have  been 
drilled,  most  of  which  are  within  the  city  limits.  A  few  of  these  are 
very  large  oil  wells  and  all  produce  more  or  less  gas.  Nine  companies 
are  operating  in  this  small  territory,  and  it  has  required  constant 
work  to  prevent  a  large  waste  of  gas,  as  no  preparation  was  made  to 
care  for  it  at  the  beginning.  However,  large  pipe  lines  have  been 
laid  from  this  territory  to  the  factories  near  by,  and  with  proper  care 
there  should  be  little  trouble  in  the  future.  Of  the  twenty-three 
wells  drilled,  sixteen  produce  both  gas  and  oil  and  seven  produce  gas 
only.  Four  wells  have  been  closed  to  prevent  the  waste  of  gas  and 
two  are  remaining  closed  to  date. 

A  brief  summary  of  the  oil  operations  in  the  gas  field  during  the 
past  year  shows  that  the  drilling  has  been  confined  principally  to 
four  localities,  to  wit:  Alexandria,  the  vicinity  of  Marion,  Hartford 
Citv  and  the  territorv  southeast  of  Muncie;  that  aside  from  the  Hart- 
ford  City  "pool"  no  large  wells  have  been  found;  that  the  pressure 
and  volume  of  the  gas,  in  many  instances,  seriously  interferes  with 
the  operation  of  the  wells,  and  that  the  natural  production  of  the 
territory  can  not  be  ascertained  until  the  gas  is  practically  exhausted. 
During  the  year  1900,  one  hundred  and  thirty-nine  wells  have  been 
drilled  for  oil  in  the  gas  field.  This  includes  the  old  gas  wells  that 
were  drilled  deeper.  Of  these,  one  hundred  and  ten  wells  showed 
both  gas  and  oil  when  drilled.  Twenty  produced  gas  only,  and  seven 
were  "dry,"  producing  neither  gas  nor  oil.  It  has  been  necessary  to 
close  thirty-one  oil  wells  to  prevent  the  waste  of  gas,  and  of  these, 
twenty  are  closed  at  present.    Twenty-one  wells  drilled  for  oil  have 
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been  abandoned.  It  should  be  understood  that  it  was  not  necessary 
for  the  State  to  institute  suit  to  close  all  of  these  wells,  but  it  should 
be  equally  well  understood  that  they  were  closed  in  most  cases  be- 
cause it  is  a  violation  of  law  to  permit  natural  gas  to  escape  into 
the  open  air  from  wells,  and  it  is  known  that  the  State  is  compelling 
a  strict  observance  of  the  law. 

Wherever  oil  wells  are  being  operated  in  gas  territory  there  is  more 
or  less  complaint  about  the  waste  of  gas.  In  some  cases  there  is  just 
cause  for  this,  but  in  many  there  is  not.  While  there  is  always  more 
or  less  waste  on  an  oil  lease  where  the  gas  pressure  is  high,  it  is  not 
always  in  a  manner  that  can  be  prevented  by  law.  Many  times  nat- 
ural gas  is  used  so  extravagantly  by  oil  operators  that  its  use  is  not 
less  than  waste,  but  il  is  not  just  to  confine  this  charge  to  the  oil  field 
alone,  for  extravagance  in  the  use  of  this  fuel  in  a  dwelling  house  or 
factory  is  just  as  wasteful  as  it  is  in  an  oil  field.  One  of  the  most 
wasteful  uses  of  natural  gas  that  has  come  under  my  observation, 
and  one  that  should  be  prohibited  by  law,  is  the  use  of  it  in  steam 
engines  instead  of  steam,  to  supply  pumping  power.  This  is  one 
means  of  using  the  surplus  gas  on  an  oil  lease.  The  amount  of  gas 
necessary  to  supply  power  by  this  means  is  governed  by  the  condition 
of  the  engine,  and  it  can  not  be  good,  after  being  operated  with  gas 
for  a  short  time.  Both  the  opportunity  and  incentive  to  use  natural 
gas  extravagantly,  and  even  waste  it  where  it  interferes  with  the  pro- 
duction of  oil,  is  great,  and  in  endeavoring  to  prevent  this  I  have 
given  nearly  all  of  my  time  during  the  past  year.  The  brief  report 
given  above  suggests  the  results  of  my  work.  It  has  been  my  aim 
to  enforce  the  provisions  of  the  law  strictly,  and  if  I  have  failed  in 
any  degree  I  trust  that  the  amount  of  work  that  I  have  tried  to  do 
will  be  considered. 

PLUGGING  OF  ABANDONED  GAS  AND  OIL  WELLS. 

Then'  has  been  little  done  the  past  year  to  enforce  the  law  regard- 
ing the  plufj^ging  of  abandoned  gas  and  oil  wells.  This  is  not  because 
the  subject  does  not  need  attention,  for  it  is  a  matter  of  vast  import- 
ance to  both  the  gas  and  oil  industry,  but  because  the  law  is  defective. 
Attempts  to  enforce  its  provisions  have  proven  fruitless.  The  pres- 
ent law  stipulates  the  manner  of  plugging  wells  and  provides  an  ade- 
quate penalty  for  its  violation,  but  there  is  no  way  to  ascertain  when 
a  well  is  to  be  plugged,  and  if  so,  whether  according  to  law.  Com- 
plaint is  made  to  me  that  a  well  has  been  abandoned  and  not  properly 
plugged.    The  person  making  the  complaint  was  not  present  when 
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the  tubing  and  casing  were  taken  from  the  well  and,  in  all  probability, 
can  not  cite  any  person  that  was.  At  least  it  is  seldom  that  a  person 
can  be  found  that  can  testify  as  to  the  manner  that  the  well  was 
plugged.  The  only  evidence  that  the  well  is  not  properly  plugged 
is  the  condition  of  the  oil  and  gas  rock  in  the  vicinity  of  the  well.  A 
large  number  of  wells  have  been  abandoned  the  past  year,  and  the 
annual  number  will  increase.  There  is  no  doubt  but  that  many  of 
these  have  been  left  practically  open,  thus  allowing  the  water  to  rush 
in  and  occupy  the  surrounding  gas  rock.  This  is  very  damaging  to 
the  oil  and  gas  territory,  and  is  a  subject  of  much  complaint  from  oil 
operators,  gas  companies  and  manufacturers.  A  bill  will  be  sub- 
mitted to  the  I^egislature  in  session  now  that  seeks  to  remedy  the  de- 
fect«  in  the  law  in  force  at  this  time,  making  it  possible  for  the  State 
to  ascertain  when  and  how  abandoned  wells  are  plugged. 

PRESSURE  MAINTAINED  IN  PIPE  LINES. 

Late  in  October,  1900,  a.  number  of  manufacturers  of  Muncie, 
Marion  and  Alexandria  made  formal  complaint  to  this  office,  charging 
the  Indiana  Natural  Gas  and  Oil  Company,  known  as  the  Chicago  Gas 
Company,  with  maintaining  a  pressure  exceeding  300  pounds  in  its 
lines.  The  same  charges  were  made  against  the  Red  Key  Transporta- 
tion Company  and  the  Ohio  and  Indiana  Consolidated  Natural  and 
Illuminating  (Jas  Company.  The  charges  against  the  Chicago  Gas 
Company  were  especially  plain  and  emphatic.  Extravagant  state- 
ments were  made,  some  claiming  that  the  pressure  in  these  lines 
reached  l.oOO  pounds  at  times.  It  was  not  claimed  by  any  one  that 
these  charges  were  based  upon  facts  ascertained  by  actual  tests,  but 
upon  the  fact  that  it  is  impossible  to  pipe  natural  gas  to  Chicago  from 
the  Indiana  field  with  300  pounds  pressure.  The  fact  that  former 
tests  of  the  pressure  in  these  lines  had  not  revealed  a  pressure  ex- 
ceeding 300  pounds  was  given  but  little  consideration. 

The  Indiana  Natural  Gas  and  Oil  Company  transports  natural  gas 
from  this  field  to  Chicago  through  two  eight-inch  lines  and  one  ten- 
inch  line.  Three  compressing  stations  are  used — one  near  Green- 
lown,  Howard  County;  another  near  Fairmount,  Grant  County,  and 
a  third  near  Fowlerton  in  the  same  county.  Each  of  these  lines 
were  tapped  below  each  compressing  station.  Beginning  November 
28th,  a  number  of  tests  were  made,  covering  a  period  of  six  days, 
and  during  that  time  the  pressure  in  these  lines  varied  from  276 
pounds  to  295  pounds.  Each  test  was  witnessed  by  a  number  of  rep- 
resentative citizens  of  the  locality  in  which  the  test  was  made. 
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The  fact  that  Chicago  is  a  large  city  and  could  consume  an  enor- 
mous amount  of  gas  accounts,  in  no  small  degree,  for  the  current  ideas 
in  the  gas  field  regarding  the  pressure  in  these  lines.  It  is  doubtful  if 
the  capacity  of  the  lines  or  the  number  of  wells  in  service  has  ever 
been  considered  by  those  making  complaint.  Compressing  stations 
can  not  make  natural  gas.  The  Chicago  Gas  Company  has  about 
enough  gas  wells  to  supply,  in  the  ordinary  way,  a  city  of  20,000  in- 
habitants. The  product  of  these  wells  is  taken  to  Kokomo,  Indiana, 
and  Chicago.  The  pipe  line  capacity  to  Chicago  is  four  times  that 
of  any  other  gas  company  in  the  State  having  the  same  number  of 
wells.  It  will  be  admitted  by  every  one  at  all  acquainted  with  the 
subject,  that  natural  gas  can  be  transported  to  Chicago  in  pipe  lines 
at  a  pressure  much  below  300  pounds,  the  pressure  necessary  to  move 
gas  any  distance  being  governed  by  the  consumption.  Also,  it  is  true 
that  the  pipe  line  capacity  of  a  gas  plant  has  much  to  do  with  the 
amount  of  gas  that  can  be  carried  a  given  distance  at  a  given  pres- 
sure. The  question  with  a  majority  of  manufacturers  and  gas  com- 
panies in  this  field  at  this  time  is,  whether  to  enlarge  their  lines  or 
build  a  compressing  station.  I  make  these  statements  regarding  the 
Chicago  Gas  Company  because  the  complaints  filed  at  this  office  made 
special  reference  to  this  company,  and  further,  because  there  is  a  dis- 
position manifested  on  the  part  of  those  manufacturers  complaining, 
to  discredit  the  tests  made  by  this  office.  The  tests  that  I  have  made 
may  not  furnish  conclusive  evidence  that  this  company  does  not  at 
times  maintain  an  unlawful  pressure  in  their  pipe  lines,  but  it  does 
furnish  conclusive  evidence  that  natural  gas  can  be  transported  to 
Chicago  from  this  field  for  at  least  six  days  at  a  pressure  not  exceed- 
ing 300  pounds. 

The  Red  Key  Transportation  Company  has  an  eight-inch  pipe  line 
extending  from  the  territory  west  of  Eaton,  Delaware  County,  to 
Dayton,  Ohio.  Three  compressing  stations  are  in  use — one  near 
Eaton,  another  near  Red  Key  and  a  third  near  North  Star,  Ohio. 
This  line  was  tested  December  7th,  and  the  highest  pressure  found 
was  210  pounds. 

The  Ohio  and  Indiana  Consolidated  Natural  and  Illuminating  Gas 
C-ompany  has  an  eight-inch  line  extending  from  the  north  central 
})art  of  Delaware  County  to  Lima,  Ohio.  This  line  has  three  com- 
pressing stations — one  near  Eaton,  another  near  Red  Key,  and  a 
third  near  St.  Marys,  Ohio.  The  maximum  pressure,  December  7th, 
was  255  pounds.  The  pressure  in  the  various  pipe  lines  in  the  State 
will  be  tested  in  the  future  as  frequently  as  the  duties  of  the  office 
will  permit. 


406  RBPOBT  OF  8TATB  0B0L00I8T. 


ANNUAL  RBPORTS. 

But  little  time  is  given  to  the  annual  reports  from  this  office.  To 
give  a  full  and  complete  report  on  the  condition  of  the  field  would 
mean  the  neglect  of  much  field  work.  These  reports  are  published 
by  the  State  and  are  supposed  to  give  such  information  as  will  be 
most  beneficial  to  manufacturers,  gas  companies  and  others  interested 
in  the  natural  gas  supply.  The  time  is  here  when  the  field  work 
must  be  neglected  if  any  time  be  given  to  reports.  Those  most  in- 
terested in  the  subject  ask  that  first  consideration  be  given  to  the 
former  and  it  should  be,  for  anything  that  the  State  can  do  to  hus- 
band this,  its  most  valuable  fuel  resource,  and  thereby  assist  in  more 
firmly  establishing  the  many  manufacturing  industries  that  have  lo- 
cated here  to  secure  the  advantage  of  using  this  gaseous  fuel,  should 
be  done.  Then,  if  some  of  the  work  of  this  office  is  left  undone  it  is 
because  all  could  not  be  done,  and  that  which  was  most  needed  to 
conserve  the  supply  of  gas  was  given  first  attention.  In  all  of  my 
work  during  the  past  year,  the  one  and  principal  object  has  been  the 
husbanding  of  the  natural  gas  supply  of  the  State. 


ASSISTANTS  NEEDED. 

It  is  liardly  necessary  for  me  to  say,  especially  to  those  acquainted 
with  the  conditions  in  the  gas  field,  that  it  is  impossible  for  one  man 
to  do  all  the  work  of  this  office  in  an  acceptable  manner.  This  was 
probably  not  true  when  the  law  was  enacted,  1891,  but  conditions 
have  changed.  At  that  time  comparatively  few  wells  had  been  drilled 
and  but  little  pipe  had  been  laid  in  gas  territory.  Most  of  the  wells 
were  in  the  vicinity  of  cities  and  towns  and  near  the  edge  of  the  gas 
field.  Not  only  has  the  past  ten  years  wrought  a  wonderful  change  in 
the  amount  of  natural  gas  property  in  the  field,  as  well  as  in  the  con- 
dition of  the  field,  but  it  has  wrought  an  equal  change  in  the  work  of 
the  Natural  Gas  Supervisor.  The  increase  in  the  number  of  wells 
and  in  the  amount  of  pipe  line  has  increased  the  avenues  of  waste, 
and  the  diminution  in  the  supply  has  brought  a  consideration  to  the 
subject  unknown  in  the  past.  Although  the  waste  that  characterized 
the  early  history  of  the  field  is  no  longer  found,  to  prevent  waste 
and  the  useless  extravagance  in  the  use  of  this  valuable  fuel  re- 
quires a  constant  and  vigilant  watch.  The  entire  time  of  one  man 
could  be  given  with  profit  to  any  one  of  the  four  principal  gas  pro- 
ducing counties  (Blackford,  Delaware,  Grant  and  Madison)  in  the 
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gas  belt.    I  am  warranted  in  saying  that  every  manufacturer  and  gas 
company  in  the  gas  belt  will  indorse  this  statement. 

A  number  of  manufacturers  in  Alexandria,  Marion  and  Hartford 
City,  and  gas  companies  interested  in  the  preservation  of  the  gas 
supply,  knowing  the  conditions  and  realizing  the  importance  of  the 
work,  have,  at  their  own  suggestion,  paid  the  expense  of  two  as- 
sistants since  last  June.  These  men  have  worked  under  my  direc- 
tions, and  the  condition  of  the  pipe  lines,  etc.,  throughout  the  field 
shows  the  results  of  their  work.  It  should  not  be  necessary  for  this 
expense  to  be  paid  by  private  individuals  and  corporations.  Most 
manufacturers  and  gas  companies  are  large  taxpayers,  and  whatever 
benefits  them  benefits  the  entire  State.  Any  expense  necessary  to 
carry  on  the  work  of  this  office  should  be  paid  by  the  State.  I  trust 
that  the  Legislature  in  session  at  this  time  will  give  this  subject 
consideration  and  appropriate  funds  sufficient  to  pay  the  necessary 
expense  of  the  office. 

THE  INDIANA  NATURAL  GAS  FIELD. 

It  would  probably  be  a  waste  of  time  to  give  any  space  in  this  re- 
port to  a  description  of  the  Indiana  Natural  Gas  Field  or  its  history. 
These  are  subjects  that  have  claimed  considerable  attention  in  earlier 
reports,  and  only  such  reference  is  made  to  them  at  this  time  as  is 
necessary  to  a  proper  understanding  of  the  present  condition  of  the 
field;  for  in  this,  consumers  of  natural  gas  at  present  are  more  inter- 
ested than  in  past  history.  It  is  not  what  the  resources  of  the  field 
have  been,  but  what  they  are  at  present  that  interests  us. 

Some  facts  regarding  this  field  are  apparently  settled  in  the  public 
mind.  P^or  many  years  it  was  almost  impossible  to  get  the  consumer 
who  knew  nothing  about  his  fuel  supply  except  what  he  saw  at  the 
point  of  consumption  to  face  the  true  conditions.  From  actual  ob- 
servation he  knew  nothing  about  the  decrease  in  the  rock  pressure 
of  the  wells  and  their  volume  of  flow;  the  advance  of  the  salt  water 
horizon  and  the  abandonment  of  wells;  the  necessary  annual  increase 
in  the  number  of  wells  and  the  extension  of  pipe  lines.  To  him  the 
supply  of  this  gaseous  fuel  was  apparently  inexhaustible.  Time  and 
changed  conditions  have  wrought  a  change  in  the  public  mind. 
In  most  cases  a  shortage  of  gas  has  brought  about  an  investigation 
of  the  condition  of  the  supply,  and  in  every  case  the  result  has  been 
the  same.  AVhen  the  true  condition  is  known  the  necessity  for 
husbanding  the  supply  of  this  fuel  resource  is  appreciated.  On  ac- 
count of  the  mistaken  ideas  entertained  by  a  majority  of  natural 
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gas  consumers  regarding  the  generation  of  this  fuel  and  the  stability 
of  the  supply,  this  gas  field  has  suffered  much.  From  the  beginning 
until  within  the  past  three  years,  public  sentiment  was  not  only  in- 
different to  the  extravagant  use  and  willful  waste  of  this  fuel  that 
characterized  nearly  every  section  of  this  field  during  that  period, 
but  in  many  localities  was  positively  opposed  to  the  enforcement  of 
laws  enacted  to  prevent  it.  Strange  as  it  may  seem  to  those  who 
know  the  conditions,  it  is  true  that  in  some  sections  of  the  field  this 
spirit  of  indifference  is  still  present.  Where  natural  gas  is  wasted 
it  is  not  often  in  a  willful  or  unlawful  manner,  but  by  extravagance 
in  its  use,  which,  in  most  cases,  is  the  result  of  crude  appliances  used 
in  consuming  it. 

As  I  have  said,  the  willful  waste  that  characterized  this  field  for 
so  many  years  is  fast  becoming  a  thing  of  the  past,  though  only  after 
millions  of  cubic  feet  of  this  valuable  fuel  has  been  lost.  Much  of 
the  waste  that  is  found  now  is  the  result  of  negligence  on  the  part 
of  field  men  and  those  intrusted  with  the  fuel  department  in  facto- 
ries. But  it  will  avail  but  little  to  rehearse  the  mistakes  of  the  past 
unless  it  aids  us  in  meeting  the  responsibilities  of  the  future. 

DEVELOPMPJNT  OF  THE  GAS  FIELD,  1900. 

In  my  last  annual  report  I  located  the  center  of  the  gas  field,  that 
point  toward  which  the  principal  pipe  lines  are  being  extended,  a 
little  north  of  the  northwest  corner  of  Delaware  County.  Embraced 
in  this  area  were  parts  of  Fairmount  and  Jefferson  townships,  Grant 
County;  Washington  Township,  Delaware  County,  and  Van  Buren 
Township,  Madison  County.  Of  course  there  were  numerous  small 
areas  of  gas  territory  in  various  parts  of  the  field,  held  by  local 
gas  companies  and  manufacturers,  that  had  not  been  systematically 
drilled.  Though  this  be  true,  these  areas  could  not  be  considered  as 
undeveloped  territory,  as  wells  drilled  in  it  the  past  year  show  a  rock 
pressure  and  production  but  little  above  those  wells  near  by  that  have 
been  in  service  for  years.  Wells  drilled  under  these  conditions  are 
usually  short  lived. 

Of  the  territory  spoken  of  as  the  center  of  the  field,  about  fifty 
square  miles  have  not  been  drilled.  This  territory  is  composed  of 
different  areas,  irregular  in  shape,  and  largely  controlled  by  the  prin- 
cipal pipe  line  companies.  It  is  being  rapidly  and  systematically 
drilled,  and  from  present  indications  there  will  be  but  few  locations 
left  by  the  time  this  report  is  published. 
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GAS  WELLS. 

The  condition  of  a  gas  field  must  be  judged  by  the  condition  of  the 
w  ells.  More  gas  wells  have  been  drilled  in  this  field  during  the  past 
year  by  both  gas  companies  and  manufacturers  than  any  year  previ- 
ous. This  does  not  mean  that  the  amount  of  gas  consumed  annually 
iij  increasing,  but  rather  that  an  increased  number  of  wells  is  being 
abandoned  each  year  and  that  new  wells  are  becoming  less  pro- 
ductive. The  salt  water  horizon  in  the  most  productive  parts  of  the 
field  is  advancing  rapidly,  and  in  some  localities  has  completely  taken 
possession  of  the  rock.  Not  unfrequently  do  seemingly  productive 
gas  wells  succumb  to  it  within  six  months  after  they  are  drilled.  The 
condition  of  the  gas  rock  can  only  be  ascertained  by  the  drill,  and 
the  result  is  a  large  increase  in  the  number  of  failures.  The  time 
was  when  all  new  wells  were  fairly  uniform  in  production  and  but  few 
failures  were  recorded.  Time  has  wrought  a  wonderful  change  in 
this  condition,  as  well  as  others  in  the  gas  field. 

The  presence  of  the  salt  water  in  the  upper  strata  of  the  gas  rock 
can  be  accounted  for  when  its  structural  condition  and  the  source 
of  the  gas  pressure  is  considered.  In  this  field  the  gas  rock  is  in  the 
upper  part  of  the  Trenton  limestone.  It  is  here  that  the  carbonate  of 
lime  has  given  way  in  part  to  carbonate  of  magnesia.  The  result  is 
a  highly  crystalline  limestone  of  sufficient  porosity  to  contain  a  large 
amount  of  gas.  The  gas  rock  is  not  equally  porous  throughout,  and 
not  of  a  uniform  thickness.  It  seldom  comes  to  the  surface  of  the 
limestone,  from  one  to  fifteen  feet  of  the  uppermost  portion  usually 
being  hard  and  nonporous.  As  the  upper  surface  of  the  gas  rock  is 
undulating,  it  is  plain  that  the  salt  water  advancing  will  meet  the 
lower  portions  of  the  upper  strata  of  hard  limestone  first,  and  thus 
different  localities  in  the  field  will  become  hermetically  sealed,  one 
from  the  other.  If  the  drill  strikes  the  point  in  the  gas  rock  where 
the  salt  water  completely  occupies  it  the  result  is  evident.  Also, 
as  the  volume  of  gas  diminishes  and  the  rock  pressure  gets  lower, 
the  tendency  on  the  part  of  the  former  to  move  in  the  rock  and 
the  latter  to  equalize  during  periods  of  light  draught  becomes  less. 
Viewed  in  the  light  of  the  above  facts,  the  reason  for  the  great  dif- 
ference in  the  volume  of  gas  wells  located  in  the  same  section  of  the 
field  and  their  rock  pressure  is  plain.  Records  of  the  rock  pressure 
of  this  field  at  this  time  appear  more  like  that  of  a  number  of  small 
gas  fields,  wholly  disconnected,  than  of  one  gas  area.  This  condition 
is  becoming  more  marked  each  year. 

The  structural  condition  of  the  gas  rock,  as  well  as  the  draught, 
has  much  to  do  with  the  aggressiveness  of  the  salt  water.     It  ap- 
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peared  in  the  western  part  of  the  field  and  in  wells  that  had  heeu 
drilieil  an  extra  dopth,  and  those  that  were  subject  to  overdraught 
drat.  Very  productive  wells,  with  a  rook  pressure  of  260  pounds, 
succumbed  to  this  agent  here  before  it  was  known  to  be  a  destructive 
agent  in  some  other  localities.  Finally,  as  the  draught  throughout 
the  field  began  to  show  in  the  diminished  volume  of  the  wells  and  n 
material  decrease  in  the  rock  pressure  of  the  field,  the  influence  of 
rhe  salt  water  became  more  pronounced,  and  now  it  is  the  most  dan- 
gerous and  difficult  element  with  which  gas  companies  and  manufac- 
turers have  to  contei'd.  It  is  necessary  to  exercise  the  greatest  care 
in  drilling  gas  wells  at  this  time  that  the  gas  rock  may  be  penetrated 
without  molesting  the  salt  water.  What  can  be  done  to  coun\eract 
the  influence  of  the  salt  water  and  thereby  render  the  gas  that  is  left 
in  the  rock  available?  If  the  pressure  of  the  gas  is  sufficient  to 
raise  it  through  the  tubing  the  task  is  an  easy  one.  The  water  can  be 
separated  from  the  gas  and  kept  out  of  the  line.  If  the  pressure  of 
the  gus  is  not  strong  enough  to  raise  it  through  the  well  tubing,  then 
tile  only  thing  to  do  is  to  reduce  the  well  tubing  to  a  point  where  the 
gas  will  lift  the  salt  water.  It  is  not  advisable  to  place  a  small  pipe 
within  the  well  for  the  purpose  of  lifting  the  water,  and  permit  it  to 
remain  open,  as  the  water  will  he  raised  but  the  gas  will  be  wasted. 
By  re-tubing  with  ^juiall  pipe  and  using  a  separator  the  same  object 
will  be  gained  without  the  waste  of  the  gas.  Like  any  other  class  of 
property,  gas  wells  need  constant  attention. 

PIPE  LINE  EXTENSIONS. 

An  increase  in  the  number  of  wells  drilled  in  a  given  year  usually 
moans  an  increase  in  the  amount  of  pipe  line  laid,  though  for  various 
reasons  main  linj^s  are  frequently  extended  farther  info  new  territory 
than  is  necessary  for  the  wells  to  be  drilled  at  the  time.  In  this  man- 
ner territory  is  sometimes  held  for  a  time,  for  after  a  certain  area 
has  been  penetrated  by  large  lines  by  any  one  company,  other  com- 
panies are  slow  to  enter  it.  In  ease  they  do  it  is  nsually  from  e.ttreme 
necessity.  A  large  amount  of  main  line  was  laid  in  1899,  and  a 
majority  of  the  lines  laid  the  past  year  are  feeders,  though  in  some 
eases  they  are  as  large  as  the  main  lines.  There  is  a  disposition  at 
present  founded  upon  necessity,  to  enlarge  al!  gns  lines.  In  con- 
slrneting  the  gas  plants  in  this  field,  if  present  conditions  could  have 
been  anticipated,  much  labor  and  capital  could  have  been  saved;  for, 
as  the  field  pressure  decreases  it  becomes  absolutely  necessary  to  en- 
large field  lines  or  increase  the  pressure  by  artificial  means. 
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COMPRESSING  STATIONS. 

With  the  decrease  in  the  rock  pressure  of  this  field  came  the  neces- 
sity for  using  compressors  on  pipe  lines.  I  repeat  that  the  pressure 
required  to  transport  natural  gas  any  distance  depends  primarily 
upon  the  consumption.  With  no  consumption  and  the  pipe  line 
perfectly  tight  the  pressure  at  the  outlet  of  the  line  must  be  the 
same  as  that  at  the  wells,  and  with  the  line  yriAe  open  at  the  point 
of  consumption  the  loss  of  pressure  is  at  a  maximum.  The  amount 
of  natural  gas  that  can  be  transported  in  pipe  lines  a  given  distance 
depends  upon  the  size  of  the  line  and  the  pressure  in  the  same,  the 
former  governing  the  volume  of  gas  and  the  latter  its  velocity.  Thus 
as  the  field  pressure  decreases,  the  question  presented  to  both  gas 
companies  and  manufacturers  is,  whether  to  build  compressing  sta- 
tions or  increase  their  pipe  line  capacity.  Some  have  adopted  the 
former,  others  the  latter,  while  occasionally  it  has  been  necessary  to 
resort  to  both.  The  following  companies  have  stations  as  indicated 
below  in  this  field: 

Number 

Company  Stati<m9, 

1.  Indianapolis  Gas  Company,  Indianapolis 2 

2.  Tonsumers*  Gas  Trust  Company,  Indianapolis 2 

'X    Manufacturers*  Natural  Gas  Company,  Indianapolis 1 

4.    Indiana     Natural     and     Illuminating     Gas     Company, 

I^ebanon,  Frankfort  and  Crawfordsville 2 

T).    Lafayette  Gas  Company.  Lafayette 2 

(I.    Logansport  and  Wabash  Valley  Gafl  Company,  Logans- 
port,  Peru,  Wabash  and  Decatur 4 

7.  Fort  Wayne  Gas  Company,  Bluffton  and  Fort  Wayne. .  3 

8.  Portland  Natural  Gas  and  Oil  Company 1 

0.    The  Ohio  and  Indiana  Consolidated  Natural  and  Illu- 
minating Gas  Company,  Lima,  Ohio 2 

10.  The  Red  Key  Transportation  Company,  Daj'ton,  Ohio. .     2 

11.  Kichmond  Natural  Gas  Company,  Richmond 1 

12.  Indiana  Natural  Gas  and  Oil  Company,  Kokomo,  Ind., 

and  Chicago,  111 3 

\'X    The  Muncie  Glass  Company,  Muncie 1 

14.  Pittsburg  Plate  Glass  Company,  El  wood  and  Kokomo. .  1 

15.  The  Anderson  Fuel  Supply  Company,  Manufacturers  in 

Anderson   1 

in.    Tlie    J.    M.    Leach    Gas    Company,    Manufacturers    at 

Kokomo 1 

17.    American  Sheet  Steel  Company,  Muncie 1 

Total    80 
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It  will  be  noticed  that  maaufacturerB  in  Miincie,  Elwood,  Andereon 
and  Kokomo  have  been  compelled  to  build  compressing  stations  to 
maintain  their  fuel  supply.  This  is  but  a  beginning.  The  indica- 
tions are  that  all  the  larger  gas  companies  within  the  gas  field, 
whether  supplying  gas  for  domestic  or  manufacturing  purposes,  will 
be  compelled  to  build  compressing  stations  this  year  if  they  are  to 
have  satisfactory  8  e  it  ice. 

ROCK  PRBSSURB. 

As  the  conditions  of  a  natural  gas  field  must  be  judged  by  the 
wells,  so  the  wells  must  be  judged  by  the  volume  of  fiow,  the  rock 
pressure,  etc.  A  diminution  in  the  supply  of  gas  will  show  in  a  de- 
creased volume  of  flow  of  the  wells,  and  in  a  general  way,  in  a  de- 
crease in  the  rock  pressure.  If  oil  is  present  or  salt  water  is  invading 
the  rock  the  wells  will  show  it  when  open.  Also,  any  statement  re- 
garding the  condition  of  the  wells  or  field,  to  be  of  value,  must  not 
only  be  based  upon  the  conditions  stated  above,  but  must  be  com- 
])arative;  that  is,  the  conditions  at  present  must  be  compared  with 
conditions  as  shown  by  former  tests. 

Referring  to  the  rock  pressure  of  the  field  and  its  relation  to  the 
supply  of  gas,  I  f|Uotc  from  my  last  annual  report:  "When  speaking 
of  the  condition  of  a  natural  gas  field,  reference  is  usually  made  to 
the  rock  or  closed  pressure  of  the  wells,  it  being  the  impression  of 
many  people  that,  accordingly  as  this  is  high  or  low,  so  are  the  wells 
large  or  small.  This  is  not  true  in  every  instance,  and  as  the  supply 
of  gas  becomes  more  nearly  exhausted  this  becomes  a  more  uncertain 
index  of  the  capacity  of  the  wells.  A  decrease  in  the  rock  pressure 
of  a  given  area  of  the  gas  field  indicates  a  general  diminution  in  the 
supply  of  pas  in  that  area,  but  two  wells  on  the  same  farm  may  have 
■the  s-time  rock  pressure  and  be  very  unequal  in  production.  The 
velocity  of  the  gas  at  the  well  mouth  is  the  only  true  index  nf  the 
capacity  of  the  well."  The  original  rock  pressure  of  the  Indiana 
natural  gas  field  was  325  pounds.  The  heavy  consumption  of  gas  by 
all  classew  of  conRumers,  from  the  beginning,  soon  became  apparent 
in  the  decline  of  the  volume  of  flow  and  the  rock  pressure  of  wells 
in  those  localities  of  largest  draught.  This  was  in  the  zone  occu- 
pied by  pipe  lines  and  in  the  vicinity  of  cities  and  towns,  (hough  it 
was  not  long  before  the  decline  could  be  noticed  in  all  part*  of  the 
field. 

At  first  the  decline  of  the  rock  pressure  throughout  the  field  was 
gradual  and   fairly  uniform,   showing  greatest,   of  course,   during 
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periods  of  heavy  consumption.  During  the  summer  season^  when  the 
consumption  was  light,  the  gas  seemed  to  move  freely  through  the 
rock  and  the  pressure  equalized  to  a  certain  extent.  As  the  supply 
of  gas  has  decreased  the  pressure  has  become  less  uniform.  As  has 
been  stated,  the  gas  rock  is  not  uniform  in  thickness,  both  the  lower 
and  upper  surfaces  being  more  or  less  undulating.  As  the  salt  water 
raises,  it  may  reach  the  upper  surface  of  the  gas  rock  at  points  and 
hermetically  seal  the  gas  in  the  more  elevated  portions  of  the  same; 
and  thus,  as  the  field  progresses,  it  is  possible  that  the  entire  gas 
territory  will  become  divided  and  subdivided  into  numerous  small 
gas  areas,  varying  in  rock  pressure,  the  draught  on  one  not  affecting 
others.  To  a  certain  extent  this  condition  exists  at  this  time.  The 
draught  on  the  wells  is  becoming  less  uniform  as  the  rock  pressure 
decreases.  Those  pipe  lines  connected  with  compressors  maintain 
a  pressure  above  that  of  the  wells  located  below  the  compressing  sta- 
tion, and  as  a  consequence  these  wells  are  useless,  a  part  of  the  time, 
Jit  least.  The  difficulty  in  ascertaining  the  average  rock  pressure  of 
the  entire  gas  area  is  plain,  and  when  found  it  does  not  give  much 
information  regarding  the  condition  of  the  gas  supply.  The  rock 
pressure  of  the  territory  south  of  an  east  and  west  line  parallel  with 
the  south  boundary  of  Hamilton  County,  and  touching  the  same,  is 
not  included  in  the  pressures  given  in  this  report.  This  is  not  be- 
cause this  territory  does  not  produce  gas  sufficient  to  warrant  a  con- 
sideration, but  because  it  supplies  but  little  gas  other  than  what  is 
used  for  local  domestic  consumption  within  the  territory.  Regarding 
this  part  of  the  gas  field  I  quote  from  my  last  annual  report:  "In 
much  of  this  section  the  gas  rock  is  thin  and  hard,  lacking  the  degree 
of  porosity  found  in  the  northern  section.  The  gas  passes  slowly 
from  the  rock  to  the  wells,  and,  as  a  consequence,  they  are  small  and 
seldom  overworked.  Pipe  lines  from  this  part  of  the  field  supply 
Connersville,  Shelbyville  and  Hope.  Aside  from  these  cities  the 
draught  is  largely  for  local  domestic  consumption."* 

When  reference  is  made  to  the  Indiana  Natural  Gas  Field,  that 
part  of  the  field  north  of  the  line  indicated  above  is  usually  in  mind. 
The  original  area  of  this  section  of  the  field  contains  approximately 
2,850  square  miles.  As  has  been  stated  in  former  reports,  it  presents 
three  well  defined  divisions.  First,  an  outer  zone  surrounding  the 
entire  section.  This  zone  varies  greatly  in  width  and  has  been  aban- 
doned for  pij)e  line  purposes.  A  part  of  it  supplies  local  domestic 
consumption. 

^  Annual  report  of  State  Natural  Oai  Saperviior,  1899,  pate  208. 
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Second,  a  middle  zone,  which  is  the  territory  supplying  pipe  lines 
and  a  large  majority  of  the  factories.  It  varies  in  productiveness  and 
has  in  most  localities  been  systematically  drilled.  In  December, 
1899,  this  zone  contained  approximately  1,350  square  miles.  It  has 
decreased  in  area  very  materially  during  the  past  year. 

Third,  the  center  of  production,  or  that"  part  of  the  field  not  in- 
vaded  by  pipe  lines.  This  is  a  very  small  area  located  in  the  vicinity 
of  the  nori;hwest  corner  of  Delaware  County.  It  is  being  very  rapidly 
drilled.  It  is  very  difficult  to  ascertain  the  exact  area  of  these  divi- 
sions. Regarding  the  productive  area,  it  is  probably  sufficient  to  say 
that  the  south  two-thirds  of  Grant  County,  the  south  half  of  Black- 
ford County,  and  the  north  half  of  Madison  and  Delaware  counties 
supply  a  large  per  cent,  of  the  natural  gas  consumed  from  this  field. 

The  pressures  given  in  this  report  were  taken  from  wells  lo- 
cated in  the  middle  and  center  zones  only,  and  are  the  averages 
of  a  large  number  of  tests  made  in  various  localities.  On  account 
of  the  presence  of  the  salt  water  it  is  very  difficult  to  ascertain  the 
exact  rock  pressure  in  many  instances,  but  the  results  given  here 
were  secured  under  the  most  favorable  conditions  possible.  This 
territory  or  zone  of  the  gas  field  is  decreasing  annually  in  area  and 
the  average  pressure  given  for  each  year  is  made  from  tests  of  the 
territory  as  it  was  at  that  time. 

Test*  made  in  this  territory  in  November,  1897,  showed  an  average 
rock  pressure  of  197  pounds.  The  same  territory  in  1898  showed  173 
pounds  rock  pressure.  In  December,  1899,  this  had  decreased  to  155 
pounds,  and  at  present  the  pressure  varies  from  75  to  160  pounds, 
and  the  average  is  about  115  pounds. 

CONSUMPTION  AND  WASTE. 

Ordinarily,  in  referring  to  natural  gas  waste,  we  have  in  mind  the 
oscapo  of  gas  from  wells,  pipe  lines,  etc.  Reference  has  been  made 
to  this  class  of  waste  in  former  sections  of  this  report.  The  subject 
will  bo  mentioned  here  only  as  it  is  involved  in  the  consumption  of 
this  fuel.  If  natural  gas  is  used  extravagantly,  or  in  heating  appli- 
ances from  which  its  full  heating  power  is  not  available,  it  is  waste, 
and  that  it  is  so  used  throughout  the  gas  and  oil  field  is  well  known. 
Tjaws  have  been  enacted  to  prevent  the  escape  of  natural  gas  from 
wells,  pipe  lines,  appliances,  etc.,  and  the  enforcement  of  the  same 
has  reduced  this  class  of  waste  to  a  minimum,  the  amount  being 
very  little  compared  with  the  same  during  the  early  history  of  the 
field.     Without  trying  to  apologize  for  the  extravagant  use  of  this 
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fuel  by  consumers  in  general,  it  is  but  fair  to  Efay  that  more  care  is 
being  exercised  in  its  use  than  formerly,  though  it  is  usually  made  nec- 
essary by  a  shortage  in  the  supply.  The  fact  is  that  but  few  consumers 
exercise  that  degree  of  economy  in  the  use  of  this  gaseous  fuel  that 
its  value  warrants  or  that  they  would  were  it  measured  to  them  and 
they  were  compelled  to  pay  for  what  they  use.  The  waste  of  natural 
gas  that  is  involved  in  its  consumption  presents  many  difficult  ques- 
tions, and  at  present  it  seems  that  additional  legislation  will  be  re- 
quired to  in  any  measure  prevent  it. 

THE  CONSUMPTION  OF  GAS. 

Natural  gas  has  fulfilled  its  highest  purpose  when  it  has  been  used 
for  the  comfort  and  benefit  of  mankind.  To  secure  this  end  the 
entire  stock  of  gas  must  be  consumed  in  such  manner  that  the  great- 
est possible  amount  of  heat  will  be  obtained  and  utilized.  In  other 
words,  the  appliances  used  to  consume  natural  gas  should  be  such  as 
will  permit  a  complete  combustion  of  the  gas  and  supply  the  heat  to 
its  proper  purpose.  Incomplete  combustion  not  only  involves  waste, 
but  fails  to  give  the  most  satisfactory  service.  Natural  gas,  when 
used  under  proper  conditions,  is  a  most  satisfactory  fuel,  a  large  per 
cent,  of  its  heating  value  being  attainable. 

At  this  time  when  much  complaint  is  being  heard  regarding  the 
natural  gas  service,  especially  from  pipe  line  cities,  much  is  being 
said  about  economical  appliances  and  methods  of  using  gas.  To  those 
who  have  an  opportunity  to  become  acquainted  with  the  usual  meth- 
ods of  burning  natural  gas  and  utilizing  its  heat  that  are  practiced 
throughout  the  gas  field,  this  is  not  surprising.  If  the  agitation  had 
come  sooner  and  proper  methods  of  sale  and  consumption  had  been 
adopted  at  the  beginning,  the  condition  of  the  field  would  doubtless 
be  different  at  this  time. 

While  attending  the  duties  of  this  office  I  have  examined  a  large 
miniber  of  gas  fires,  both  in  factories  and  private  houses,  and  in  but 
few  instances  have  I  found  the  results  of  the  gas  consumed  in  the 
private  houses  to  be  what  they  should  be.  From  incomplete  combus- 
tion, which  is  usually  the  result  of  the  use  of  appliances  not  adapted 
to  the  fuel,  the  domestic  consumer  suffers  most.  Not  only  is  much 
of  the  heating  power  of  the  gas  lost,  but  it  is  sure  to  result  in  the 
formation  of  carbonous  oxide  gas,  which  is  extremely  poisonous.  To 
attempt  to  describe  the  various  methods  of  using  natural  gas  by  do- 
mestic consumers  would  be  an  endless  task.  Generally  speaking,  there 
is  not  so  much  difference  in  the  amount  of  gas  used  where  the  supply 
is  ample  as  there  is  in  the  results,  the  latter  depending  entirely  upon 
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the  way  it  is  used.  In  the  consumption  of  natural  gas  the  principal 
end  to  be  attained  is  complete  combustion,  whereby  all  of  the  heating 
power  of  the  gas  is  realized  and  the  supplying  of  the  heat  to  the  room 
or  to  the  purpose  for  which  it  is  generated.  To  realize  the  full  heat- 
ing power  of  natural  gas  or  to  secure  complete  combustion  it  is  neces- 
sary to  mix  it  with  air.  The  volume  of  air  required  to  bum  a  given 
amount  of  gas  is  about  ten  times  the  volume  of  gas  consumed.  Too 
much  air  will  tend  to  carry  away  heat  through  the  chimney  that 
might  otherwise  be  utilized.  In  regulating  a  gas  fire,  a  good  method 
is  to  adjust  the  air  supply  at  the  mixer  in  such  a  manner  that  a  slight 
white  tip  can  be  occasionally  seen  at  the  end  of  the  flame  and  then 
turn  on  enough  air  to  cause  this  to  disappear.  The  supply  of  gas 
may  be  ample  and  the  combustion  complete,  and  if  the  heat  is  per- 
mitted to  pass  out  through  the  chimney  instead  of  being  supplied  to 
the  room  the  service  can  not  be  good.  Much  depends,  then,  upon  the 
construction  of  the  stove  or  grate  and  the  regulation  of  the  draught. 
1  have  seen  gas  stoves  consuming  not  to  exceed  twenty  cubic  feet  of 
gas  per  hour  giving  out  more  heat  than  grates  consuming  two  hun- 
dred cubic  feet  per  hour.  Generally  speaking,  a  grate  is  very  waste- 
ful, and  the  best  that  can  be  said  is  that  it  makes  a  cheerful  fire  and 
usually  insures  good  ventilation. 

Natural  gas  from  this  field  has  been  used  for  domestic  purposes 
since  1886.  During  that  time,  comparatively  little  attention  has  been 
given  to  methods  of  consumption.  In  cases  where  it  has,  it  has  been 
caused  by  a  shortage  in  the  supply  rather  than  a  desire  to  husband 
it.  Some  reasons  can  be  given  why  this  condition  exists  and  many 
why  it  should  not.  At  the  time  that  natural  gas  was  discovered,  wood 
and  coal  were  the  universal  fuels.  The  heating  apparatus  in  every 
house  was  arranged  with  especial  reference  to  the  use  of  one  or  the 
other,  or  both  of  these  fuels.  Most  people  began  the  use  of  natural 
gas  with  but  little  knowledge  of  how  it  should  be  used.  Generally 
speaking,  the  grates,  stoves,  chimneys,  etc.,  were  ill  adapted  to  the 
new  fuel,  but  without  any  material  change  except  a  burner  its  use 
was  begun.  The  "contract  system''  of  selling  gas  was  adopted  by  all 
gas  companies  at  the  beginning,  and  with  it  there  is  but  little  in- 
centive for  the  consumer  to  exercise  economy.  The  schedule  of  rates 
was  arranged  with  reference  to  the  number  of  fires  or  rooms;  in  some 
towns  an  annual  charge  was  made  for  a  residence,  regardless  of  the 
amount  of  gas  consumed.  It  is  true,  as  I  think,  that  most  natural 
gas  consumers  will  admit  that  the  "contract  system"  of  selling  gas 
is  largely  responsible  for  the  indifference  manifested  by  the  average 
consumer  towards,  methods  of  consimiption  and  amount  of  gas  con- 
sumed, and  but  little  improvement  can  be  expected  until  it  is  forced 
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by  a  shortage  in  the  supply  or  until  the  present  system  of  selling  is 
changed  to  one  whereby  the  consumer  is  required  to  pay  for  the  gas 
used  only.  Under  the  contract  or  flat  rate  system  of  selling  gas  the 
charges  are  the  same  regardless  of  the  amount  of  gas  used.  In  some 
cities  where  the  supply  is  short  at  times,  the  consumer  pays  for  fuel 
that  he  does  not  get.  The  system  is  wrong  in  principle  and  would  not 
be  considered  in  any  other  business. 

There  can  be  no  question  as  to  the  just  method  of  selling  natural 
gas.  If  it  is  property  and  can  be  transferred  as  other  property  is,  it 
will  liarm  no  one  to  pay  for  it  as  he  pays  for  other  property.  Those 
who  oppose  the  "meter  system"  contend  that  its  adoption  means  a 
higher  price  for  gas.  This  may  be  true,  but  not  necessarily  so.  I  can 
see  no  reason  why  the  rates  can  not  be  adjusted  as  equitably  under 
one  system  as  the  other.  A  schedule  of  prices  under  which  I  am 
compelled  to  pay  for  the  gas  that  I  use  and  no  more  is  certainly  just. 
If  I  choose  to  adopt  economical  appliances  and  practice  economy,  a 
reduction  in  my  gas  bill  will  follow.  If  I  use  the  gas  extravagantly 
I  pay  for  what  I  use  and  no  more.  The  introduction  of  meters  at  this 
late  day  would  not  only  improve  the  service  in  many  localities,  but 
would  undoubtedly  prolong  the  life  of  the  field.  T  am  sure  that  the 
result  would  be  ample  recompense  for  the  trouble  and  expense. 

In  a  majority  of  factories  natural  gas  is  used  more  economically 
than  in  private  residences.  The  reasons  are  plain.  Most  manufac- 
turers own  their  fuel  plant.  The  increasing  annual  expense  that 
is  necessary  to  maintain  it  has  led  many  to  investigate  the  subject  of 
natural  gas  consumption.  The  result  is  that  a  majortiy  have  adopted 
improved  appliances  and  are  using  less  gas  and  having  better  service. 
The  American  Window  Glass  Company  have  placed  metei*s  in  each 
of  tlieir  thirty-six  factories  in  this  field.  They  own  their  fuel 
plants,  and  propose  to  practice  the  same  economy  in  the  use  of  their 
fuel  as  they  do  in  tin*  use  of  any  other  constituent  of  their  product, 
^rhe  American  Plate  Glass  Company  keeps  an  accurate  daily  record 
of  gas  consumed.  1  do  not  want  to  be  understood  as  saying  that  all 
manufacturers  have  adopted  approved  appliances  for  using  gas  or 
make  an  eirort  toward  economy  in  the  use  of  this  fuel.  A  few  adhere 
to  old  methods  and  use  the  gas  in  a  manner  that  would  indicate  their 
belief  in  an  inexhaustible  supply.  I  find  many  cases  of  absolute  waste 
that  the  law  does  not  prohibit.  Manufacturers,  however,  usually 
comply  with  any  reasonable  request  that  has  for  its  object  the  hus- 
banding of  the  natural  gas  supply.  Such  waste  is  frequently  the  re- 
sult of  negligence  on  the  part  of  employes,  rather  than  a  disposition 
to  waste  the  gas. 

27-Qeol. 
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Office  of  Imbfector  of  Mines, 
Indianapolis,  Ind.,  February  7,  1901. 

Pn>f.  W.  S.  Blakhley,  Stale  (leologitt: 

Dear  Sir — I  have  the  honor  to  submit  to  you  herewitli  the  auuual 
report  of  the  Inspeetor  of  Mines  for  the  year  1900  as  required  by 
section  7451  of  Ihe  Heviscd  Statutes  of  Indiana,  by  Burns, 

JAMES  EPPERSON, 

InspDotor  of  Mines. 


INTRODUCTION. 


Inasmuch  as  the  former  reports  of  the  Inspector  of  Mines  cover 
about  all  the  information  that  is  desirable  and  of  public  interest, 
this  report  follows  the  same  general  lines  as  those  which  preceded  it. 
We  have,  however,  endeavored  to  make  the  report  more  complete 
and  reliable  as  to  the  subjects  included  in  the  same  than  any  hereto- 
fore made,  and  to  improve  on  the  arrangement  of  the  matter  therein. 

The  production  of  block  and  bituminous  coal  is  given  separately  in 
this  report,  and  each  of  those  products  is  subdivided  into  machine 
and  hand-mined  coal,  being  a  change  from  last  year's  report  in  this 
respect,  which  it  is  hoped  will  add  to  the  interest  and  value  of  the 
report.  T}>e  product  is  separated  into  screened,  slack  and  nut,  and 
mine  run  coal,  and  the  total  number  of  tons  mined  is  also  given. 
The  number  of  kegs  of  powder  used  is  omitted  from  the  report  for 
the  reason  that  so  much  of  it  was  purchased  from  persons  other  than 
operators,  from  whom  no  reports  could  be  required,  even  if  their 
names  could  have  been  ascertained,  that  any  attempt  to  estimate  the 
amount  used  would  have  been  so  unreliable  as  to  be  useless  to  any 
one,  being  a  mere  guess. 

In  giving  the  wages  paid  for  day  labor,  the  wages  paid  to  inside 
jiihI  outside  day  men  are  combined,  because  it  was  impossible  to  get 
the  persons  furnishing  this  data  to  separate*  and  classify  them. 

"^rhc  table  of  wages  in  this  report  gives  accurately  the  aggregate 
price  paid  for  mining  coal  and  for  day  labor  as  reported  to  this  office. 
Tt  was  the  purpose  of  this  Department  to  give  also  in  this  report  the 
entire  cost  of  the  production  of  coal  and  the  selling  price  thereof. 
Several  attempts  were  made  during  the  year  to  collect  data  for  this 
purpose,  but  it  was  found  that  mine  operators,  in  most  instances, 
were  opposed  to  giving  out  this  information,  claiming  that  the  same 
might  be  detrimental  to  their  business,  making  it  impossible  to  get 
the  necessary  statistics  to  make  anything  like  an  accurate  statement. 

(419) 
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The  geological  number  of  the  coal  seams  of  each  mine  is  given  in 
the  general  table,  and  a  table  has  been  added  of  mines  in  which 
mining  machines  or  mechanical  haulage  is  being  used. 

This  report  includes  the  following  matter,  arranged  in  the  order 
enumerated:  Ijetter  of  transmittal,  introduction,  miscellaneous 
table,  coal  trade  and  mining  conditions,  miners'  and  operators'  wage 
agreement,  labor  troubles,  tonnage  and  wage  tables,  new  mines, 
abandoned  mines,  table  of  machine  mines,  improvement  of  mines, 
examinations,  certificates  of  competency,  certificates  of  service,  table 
of  small  mines,  mine  bosses  and  addresses,  companies  and  addresses, 
table  of  accidents,  changes  in  the  mine  management,  and  opinions 
of  Attorney-General. 
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COAL  TRADE  AND  MINING  CONDITIONS. 

Tlie  condition  of  the  coal  trade  in  general  has  been  better  for  the 
year  1900  than  ever  before  in  the  history  of  the  State.  The  activity 
in  the  investment  of  capital  in  this  industry  during  the  year  just 
ended  has  likewise  been  unparalleled.  In  the  year  of  1899,  only  nine 
new  mines  were  reported,  while  last  year  there  was  an  enrollment  of 
Ihirty-two  additional  mines,  and  only  two  mines  abandoned,  making 
ji  net  increase  for  the  year  of  thirty  mines  and  being  the  largest 
increase  therein  of  anv  vear  on  re(*ord.  With  the  seven  new  mines 
now  ready  for  enrollment,  the  total  enrollment  of  mines,  exclusive 
of  small  mines  to  which  the  mining  laws  have  no  application,  is  one 
hundred  and  sixty-one. 

The  total  number  of  tons  of  coal  produced  during  the  year  1900 
is  6,283,063,  exceeding  the  production  of  the  year  1899  by  443,150 
tons,  or  over  seven  and  one-half  per  cent.  This  increase  in  produc- 
tion may  surprise  many  persons  engaged  in  this  industry,  as,  in  many 
localities,  the  mines  were  operated  fewer  days  than  in  1899.  It  will 
be  remembered  that  during  the  summer  of  the  last  named  year  the 
mines  south  of  the  Baltimore  and  Ohio  Southwestern  Railroad  were 
more  or  less  involved  in  strikes,  some  of  the  larger  mines  of  that 
coal  field  being  practically  idle  for  about  six  months,  while  in  1900, 
there  was  very  little  loss  of  time  from  this  cause  in  any  part  of  the 
State.  This  is  the  most  important  factor  of  this  increase  in  produc- 
tion. The  records  of  this  Department  show  also  that  a  larger  number 
of  men  wore  (Migagod  in  this  industry  during  the  past  year  than  in 
any  previous  year.  The  increase  in  the  number  of  mines,  too,  con- 
tributed to  the  increase  of  production,  though,  as  a  rule,  a  new  mine 
is  not  a  large  ])roducer  during  the  first  year  of  its  operalion.  The 
increase  in  the  capacity  of  mines  by  reason  of  the  use  of  im])roved 
machinery  and  appliances,  such  as  electric  haulage  and  mining  ma- 
chines, has  also  influenced  production. 

Judging  from  present  prospects,  there  will  be  a  considerable  num- 
ber of  new  mines  opened  in  this  State  within  the  ensuing  year,  and 
the  indications  now  are,  that  there  will  also  ])e  an  increase  in  the 
production  of  coal.  Much  depends,  however,  upon  the  action  of  the 
joint  convention  of  miners  and  operators,  as  to  whether  they  will 
arrive  at  a  satisfactory  agreement  for  this  year.  It  was  said  at  the 
miners'  convention,  held  at  Indianapolis  in  January,  that  coal  from 
Indiana  had  encroached  upon  and  displaced  last  year  600,000  tons 
of  Illinois  coal  in  the  Chicago  market.  If  this  statement  be  true, 
taking  into  consideration  the  fact  that  in  parts  of  Illinois  a  lower 
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rate  is  paid  for  mining  coal  than  in  Indiana,  that  in  no  part  of  that 
State  does  the  mining  rate  exceed  the  rate  in  this  State,  and  that 
the  distance  is  greater  and  the  freight  rate  higher  from  the  Indiana 
coal  fields  to  the  market  than  from  those  of  Illinois,  it  is  a  high 
compliment  to  Indiana  coal  and  indicates  that  this  coal  is  superior 
to  the  coal  of  Illinois,  and  that  it  will  probably  continue  to  absorb 
more  and  more  of  the  market  now  supplied  by  that  coal. 

Mine  work  in  this  State  during  the  past  year,  taking  the  State  as 
a  whole,  has  l)een  better  than  in  1899,  but  has  been  more  distributed, 
both  as  to  time  worked  and  the  number  of  mines  affected.  In  1899, 
a  large  number  of  mines  lost  a  great  deal  of  time  by  reason  of  strikes 
and  disagreements,  inuring  to  the  benefit  of  the  mines  not  so  in- 
volved. Especially  is  this  true  of  the  coal  field  of  the  southern  part 
of  the  State.  While  the  mines  in  the  central  coal  region  of  Indiana 
have  not  been  operated  as  steadily  last  year  as  in  1899,  especially  in 
the  Linton  field,  the  mines  in  the  southern  coal  field  have  been  run 
a  great  many  more  days  in  1900  than  in  the  former  year.  Consider- 
ing all  conditions,  mine  workers  are  enjoying  greater  prosperity  than 
over  before  in  the  history  of  that  industry.  Gratuitous  labor,  called 
by  the  craft  "dead  work,"  has  practically  been  abolished,  being  now 
performed  by  persons  employed  for  that  purpose;  the  hours  of  labor 
were  never  so  short  as  now;  and,  considering  the  improved  appliances 
and  methods  of  mining,  the  wages  now  paid  are  higher  than  ever 
before,  as  will  be  seen  by  a  reference  to  the  wage  tables  in  the  reports 
of  this  department.  Take  for  example  the  years  1899  and  1900. 
These  tables  disclose  the  fact  that,  while  the  aggregate  tonnage  for 
tlie  latter  year  only  exceeded  the  former  by  443,150  tons,  or  seven 
and  one-half  per  cent.,  the  aggregate  wages  paid  during  the  latter 
year  exceeded  that  paid  during  the  former  year  by  $1,042,371,  or 
approximately  twenty-seven  and  one-half  per  cent.,  a  net  increase 
in  the  aggregate  wages  paid  of  twenty  per  cent,  in  one  year.  This 
increase  in  wages  has  not  been  confined  to  any  particular  class  of 
mine  workers,  but  extends  to  all  kinds  of  such  labor.  A  comparison 
of  the  agreement,  as  to  prices,  between  the  miners  and  operators  for 
1899,  published  in  the  last  year's  report  of  this  department,  and  their 
agreement  therefor  for  the  past  year,  which  is  given  below,  will 
further  verify  this  statement  of  increase  of  wages. 
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TERRE  HAUTE  AGREEMENT. 

April  Ibt,  1900,  to  April  Ibt,  1901. 

Pursuant  to  an  agreement  made  between  the  Coal  Operators  and 
United  Mine  Worlters  of  America,  of  Illinois,  Indiana,  Ohio  and  Pennsyl- 
vania, made  at  Indianapolis,  February  2,  1900,  the  price  of  mining  for 
bituminous  coal  in  the  State  of  Indiana  shall  be  80  cents  per  ton  of  2,000 
pounds,  for  screened  lump  coal,  made  over  a  standard  screen,  and  49  cents 
per  ton  of  2,000  pounds  for  run  of  mine.  That  further  details  in  scale  of 
prices  for  piclj  and  machine  mining  in  the  State  of  Indiana  for  one  year, 
l)eginning  April  1,  1900,  shall  be  as  follows: 

Pick  Miniko. 

(Yardage.) 

In  entries  7  to  9  ft  wide,  $1.66. 

In  entries  12  rt.  wide  the  price  shall  be  five-eighths  of  the  regular  price, 
or  $1.03^.  Entries  shall  not  exceed  12  ft.,  it  being  understood  that  this 
applies  to  entry  worlc  only. 

Break  Throughs. 

Brealc  tliroughs  and  entries  shall  be  paid  for  at  entry  prices.  Break 
throughs  between  rooms  when  sheared  or  bloclced  shall  be  paid  for  at 
entry  prices,  but  no  brealj  throughs  shall  be  driven  without  the  consent 
of  the  operators.  Nothing  herein  shall  interfere  with  the  law  governing 
brealc  throughs. 

Room  Turning . 

Room  turning.  $4.00. 

Room  neclvs  to  be  driven  12  ft.  in  and  widone<l  at  an  angle  of  45 
degrees  wlien  so  desired  by  the  operator.  Any  distance  in  excess  of  above 
shall  l)e  paid  for  proportionately.  Wlien  room  necks  are  driven  12  ft. 
wide,  price  shall  l)e  five-eiglitlis  of  regular  price,  or  $2.50. 

Machine  Mininc;. 

In  entries  7  to  0  ft.  wide,  $1.19. 

In  entries  12  ft.  wide  five-eighths  of  price  for  narrow  entries,  or  74c. 
Narrow  worli  after  Puncliing  Machines  shall  be  sheared  when  demanded 
by  the  operator.  Narrow  work  after  the  Chain  Machine  must  be  done  in 
a  workmanlike  manner. 

Break  THRorniis. 

Break  throughs  between  entries,  same  as  entry  prices.  Break  throughs 
between  rooms  shall  be  paid  for  at  same  price  when  similarly  driyen. 
This  applies  to  width  and  not  method  of  mining. 
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Room  Turnino. 

Uoom  turning,  $3.00. 

Koom  necks  to  be  driven  12  ft.  in  and  widened  at  an  angle  of  45 
degrees  when  so  desired  by  operators.  Any  distance  in  excess  of  above 
sliall  be  paid  for  proportionately.  When  room  necks  are  driven  12  ft  wide 
price  shall  be  five-eighths  of  regular  price,  or  $1.87. 

Day  Work  fok  Punch ikg  Machines. 

Machine  cutting  when  paid  for  by  the  day  shall  be,  for— 

Machine  runner $2  82 

Helper 2  22 

Day  Work,  Chain  or  Cutter  Bar  Machine. 

When  paid  for  by  the  day  shall  be  for  machine  runner.  .$2  67% 

Helper 2  67V^ 

Day  work  by  machines  shall  apply  only  to  defective  work  such  as 
lioi'He  back,  etc. 

Price  Per  Ton  for  Machine  Minino. 
for  punching  machine. 

Screened  Lump.— Runner,  9c;  Helper,  8c;  Ix>ading,  Shooting  and  Tim- 
bering, 45c;  Total,  (J2c. 

Kun  of  Mine.— Runner,  5%c;  Helper,  5^c;  leading.  Shooting  and  Tim- 
bering. 28c;  Total,  39c. 

For  Chain  Machine. 

Screened  I^ump.— Runner,  5%c;  Helper,  5^c;  Loading,  Sliooting  and 
Timbering,  48c;  Total,  58%c. 

Run  of  Mine.— Runner,  S\ic;  Helper,  3*4c;  Ix)ading,  Shooting  and  Tim- 
bering, 30c;  Total,  30^. 

Shovels  shall  be  furnished  by  the  operators,  but  when  replaced  the  old 
«liovel8  must  be  returned,  and  in  case  of  careless  breaking,  or  destruction 
by  tlio  miner,  lie  sliall  pay  for  the  shovel  so  destroyed. 

Blacksmithing. 

Price  of  blacksmithing  shall  be  l^c  on  the  dollar.  Sharpening  shall 
t)e  done  in  a  workmanlike  manner  and  men  shall  not  have  to  wait  for 
their  tools. 

Day  Labor 

As  provideil  In  the  Indianapolis  agreement  the  advance  on  inside  day 
lalM)r  shall  be  20  per  cent.,  based  on  the  present  Hocking  Valley  and 
Columbus  inside  day  labor  scale,  with  the  exception  of  trappers,  whose 
compensation  shall  be  $1.00  per  day. 
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General. 

1.  Where  the  coal  Is  paid  for  mine  run  or  screen  coal  basis,  it  shall 
be  mined  in  a  careful  and  worl^manlilce  manner,  and  when  loaded  on  the 
miner's  car  it  shall  be  as  nearly  as  possible  free  from  slate,  bone  coal  or 
other  impurities.  When  a  miner  shall  load  and  send  out  less  than  5  per 
cent,  of  impurities  in  one  car  of  coal  he  shall  be  docked  the  amount  of 
impurities  so  sent  out.  Whenever  he  shall  send  out  5  per  cent,  or  more 
of  impurities  in  one  car  he  sliall  be  dodged  the  amount  of  impurities  so 
sent  out,  and  shall  be  laid  off  from  work  for  one  day.  Whenever  lie  sliall 
send  out  two  cars  on  the  same  day,  each  containing  5  per  cent,  or  more 
of  impurities,  lie  slmll  be  docked  the  amount  of  impurities  and  laid  off 
for  two  days.  Wlienever  he  shall  send  out  three  sucli  cars  in  one  day  he 
shall  be  docked  the  amount  of  the  impurities  and  laid  off  six  working  days. 

2.  The  semi-monthly  pay  sliall  continue  until  the  constitutionality 
of  the  law  providing  for  weekly  pay  shall  have  been  passeil  ui)on  by  the 
Supreme  Courts  of  Indiana  and  of  the  United  States. 

3.  The  time  of  beginning  work  in  the  morning  and  the  length  of 
intermission  at  noon  shall  be  considered  a  local  question. 

4.  That  the  above  scale  is  based  upon  an  eight-hour  work  day;  that 
it  is  definitely  understood  that  this  sliall  mean  eight  hours'  work  nt 
the  face  exclusive  of  the  noon  time;  six  days  in  the  week  or  48  hours 
in  the  week,  and  that  no  local  ruling  shall  in  any  way  deviate  from  this 
agreement,  or  impose  conditions  affecting  the  same,  but  any  class  of  day 
labor  may  be  paid  at  the  option  of  the  operator  for  tlie  number  of  hours 
and  fraction  thereof  actually  worked  at  the  hour  rate,  based  on  one-eighth 
of  the  scale  rate  per  day,  provided  tliat  when  men  go  into  the  mine  in  the 
morning  they  shall  be  entitled  to  two  hours*  pay  wliether  the  mine  works 
or  not,  as  provided  in  tlie  aljove  agreement  for  inside  day  labor:  providing, 
further,  that  overtime  of  day  labor  shall  be  pai<l  for  at  tlie  same  rate  per 
hour. 

5.  Inside  day  work  may  be  done  upon  idle  days,  and  in  case  of  emer- 
gency, on  overtime. 

it.  Whenever  any  laborer  working  by  tlie  day  in  tlie  mine  shall  be- 
come dissatisfied  with  liis  work  or  the  price  thereof.  an<l  shall  <lemand 
that  he  be  given  work  at  mining  coal  witliin  tlie  mine,  liis  demand  for  this 
change  of  labor  shall  only  be  acceded  to  by  the  operator  after  tliree  days* 
notice  of  his  desire  to  change,  or  in  case  other  men  can  be  ol)taiiied  who 
will  do  this  work  in  a  satisfactory  manner  at  the  price  lierein  agreeil 
upon.  Concerted  action  on  tlie  part  of  any  class  of  labor  in  demanding 
a  change  of  this  nature  shall  not  be  granted,  but  sliall  be  deemed  a  viohi- 
tlon  of  this  agreement. 

7.  It  is  agreed  that  if  any  difference  arises  between  tlie  operators  and 
the  miners  at  any  mine  a  settlement  shall  be  arrived  at  without  stopping 
of  work.  If  the  parties  imme<liately  affet^ted  can  not  reach  an  agreement 
between  themselves  the  question  shall  be  referred  without  delay  to  a 
board  of  arbitration  consisting  of  two  operators  selected  by  the  operators 
Interested,  and  two  miners  selected  by  District  No.  11  of  the  United  Mine 
Workers  of  America.  In  the  event  of  these  four  being  unable  to  reach  a 
decision  tliey  shall  select  a  fifth  man,  and  the  decision  of  the  board  so 
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constituted  shall  be  final,  but  no  mln^  or  operator  interested  in  the  differ- 
ence shall  be  a  member  of  such  board. 

8.  The  duties  of  the  Mine  Committee  shall  be  confined  to  the  adjust- 
ment of  disputes  between  the  mine  boss  or  superintendent  and  any  of  the 
members  of  the  United  Mine  Worlsers  of  America  working  in  the  mine. 
In  case  they  fail  to  agree  they  shall  proceed  to  adjust  the  trouble  by  the 
selection  of  an  arbitration  board  as  provided  in  article  7  of  this  agree- 
ment. The  Mine  Committee  shall  have  no  other  authority  nor  exercise 
any  other  control  nor  in  any  other  way  interfere  with  the  operation  of  the 
mine. 

9.  That  under  no  circumstances  will  the  operator  recognize  or  treat 
with  the  Mine  Committee  or  any  representative  of  the  United  Mine 
Workers  of  America,  during  suspension  of  work,  contrary  to  this 
agreement. 

10.  The  operator  shall  have  the  privilege  of  working  a  night  shift 
for  cutting  coaJ  with  machines.  All  men  so  enlployed  shall  be  paid  25 
cefts  extra  for  each  eight  hours*  work  at  night,  in  addition  to  the  scale 
price  per  ton. 

11.  Work  on  driving  entries  and  drawing  pillars  may  be  by  double 
shift  at  the  option  of  the  operator. 

12.  It  is  further  agreed  that  the  operators  shall  offer  no  objection  to 
the  check-off  for  checkweighman  and  for  dues  for  the  Federation,  provided 
that  no  check-off  shall  be  made  against  any  person  until  he  shall  have 
first  given  his  consent  in  writing  to  his  employer.  This  applies  to  all 
underground  day  work  as  well  as  miners. 

W.  D.  VAN  HORN, 
President  U.  M.  W.  of  A.,  District  No.  11. 
Attest:    J.  H.  KENNEDY, 

Secretary  U.  M.  W.  of  A.,  District  No.  11. 

J.  SMITH  TALLEY, 
President  Bit.  Coal  Op.  Assn.  of  Ind. 
Attest:    A.  D.  SCOTT, 

Secretary  Bit.  Coal  Op.  Assn.  of  Ind. 

LABOR  TROUBLE. 

As  indicated  in  another  part  of  the  report,  the  past  year  has  been 
remarkable  for  the  absence  of  labor  troubles,  there  being  but  one 
strike  of  a  serious  nature;  that  is,  the  engineers'  strike.  During  the 
month  of  November,  1900,  the  Brotherhood  of  Hoisting  Engineers 
lield  its  annual  convention  at  Springfield,  Illinois,  and,  among  other 
things,  adopted  a  scale  of  prices  and  conditions  for  the  government 
of  hoisting  engineers  in  Indiana  and  Illinois.  In  pursuance  of  the 
action  of  that  convention,  the  hoisting  engineers  of  the  State  of 
Indiana  demanded  from  the  operators  of  the  State  that,  at  mines 
hoisting  five  hundred  tons  of  coal  per  day  or  more,  there  should 
be  three  engineers  employed;  that,  at  mines  hoisting  two  hundred 
tons  of  coal  per  day,  there  should  be  two  engineers  employed,  and 
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that,  at  mines  hoisting  fewer  than  two  hundred  tons  of  coal  per  day, 
there  should  be  one  engineer  employed;  that  where  three  engineers 
were  employed,  the  price  paid  for  the  services  of  such  engineers 
should  be  $65.00,  $75.00  and  $90.00  per  month,  respectively,  which,  to 
the  highest  class  of  engineers,  meant  an  increase  in  wages  and  a  re- 
duction of  working  hours.  The  operators  refused  to  comply  with  this 
demand.  In  the  counties  of  Vermillion,  Parke,  Vigo,  Clay,  Sullivan 
and  Greene,  the  engineers,  with  but  few  exceptions,  quit  work,  and 
for  a  time,  it  appeared  as  if  the  whole  State  would  be  involved  in  the 
strike;  but,  after  a  tie-up  of  the  mines  for  six  or  eight  days  in  the 
section  mentioned,  the  engineers  resumed  work,  without  having  re- 
ceived any  concessions  to  their  demand. 

The  following  December,  the  miners  in  the  Linton  coal  field  de- 
manded of  the  engineers  that  they  join  the  organization  of  United 
Mine  Workers  of  America,  which,  in  effect,  meant  the  destruction 
of  the  organization  of  the  engineers.  The  engineers  refused  to 
comply  with  the  request,  and  the  miners  in  this  coal  field  struck  for 
the  purpose  of  enforcing  their  demand,  no  other  part  of  the  State 
being  involved.  After  a  week  of  idleness,  the  miners  resumed  work 
pending  an  adjustment  of  the  controversy  at  the  next  national  con- 
vention of  the  United  Mine  Workers,  when  it  is  hoped  a  satisfactory 
agreement  will  be  reached. 

In  addition  to  tlie  above  troubles,  there  have  occurred  numerous 
small  strikes,  usually  involving  only  one  mine,  and  seldom  resulting 
in  more  than  from  one  to  four  days'  loss  of  time,  none  of  them  being 
of  sufficient  magnitude  to  justify  special  mention. 
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NEW  MINES. 

inuring  the  year  1899,  several  new  openings  were  made  and  par- 
tially equipped,  from  which  some  little  coal  was  mined  and  sold  to 
local  trade;  the  number  of  persons  employed,  however,  being  too 
small  to  bring  them  under  the  law  requiring  inspection,  no  mention 
of  them  was  made  in  the  report  for  that  year.  The  following  is  a 
description  of  these  and  all  other  new  openings  made  during  the  year 
1900,  which  are  now  subject  to  the  mining  laws  of  Indiana. 

Clay  County. 

OlFFOBD  MINE. 

This  mine  is  owned  and  operated  by  the  Collins  Coal  Co.,  and  is 
situate  on  the  old  Gifford  farm  three  miles  west  of  Brazil.  This  is 
one  of  the  most  desirable  mining  properties  in  Clay  County,  having 
an  area  of  about  fifteen  hundred  acres  of  coal  land  underlain  with  a 
seam  of  bituminous  coal  averaging  four  and  one-half  feet  thick,  the 
quality  of  which  is  said  to  be  equal  to  the  best  Brazil  block  coal. 
The  roof  is  hard  black  slate  lying  very  uniform,  and  the  bottom  is  a 
very  hard  fire  clay. 

The  shaft  was  sunk  and  equipped  in  1899  by  Thomas  Watson,  who 
operated  it  on  a  small  scale  during  that  year,  the  product  going  to 
supply  local  trade  in  Brazil  and  surrounding  country.  The  present 
company  was  organized  during  the  past  summer  and  built  a  switch 
one  and  three-fourths  of  a  mile  long  to  the  mine  from  the  C.  &  I.  C. 
R.  R.,  completing  it  about  September  1st.  Since  that  time  the  mine 
has  been  developed  very  rapidly,  and  at  last  report  employed  seventy- 
six  miners. 

JACKSON  COAL   AND  MINING  00^8  CORN  WELL  MINE. 

This  mine  is  located  one-half  mile  east  of  Cardonia  on  a  coal  switch 
on  the  north  branch  of  the  Vandalia  R.  R.  The  top  and  bottom 
block  seams  are  both  worked  at  this  mine.  The  shaft  was  sunk  to 
the  top  vein  in  the  fall  of  1899,  the  mine  was  equipped  and  com- 
menced shipping  coal  in  January,  1900,  and  the  work  of  sinking  to 
the  lower  vein  was  completed  some  time  in  September.  The  com- 
pany is  now  sinking  the  second  outlet  or  man-way. 

FORTNER   MINE. 

This  mine  is  owned  and  operated  by  C.  Ehrlich.  It  is  located  on 
the  site  of  the  old  Fortner  or  Fox  Den  Mine,  which  was  worked  out 
and  abandoned  in  1897.    The  coal  seam  worked  is  bituminous  and  of 
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good  quality,  ranging  from  three  and  one-half  to  four  feet  thick, 
and  is  reached  by  a  shaft  one  hundred  and  thirty-eight  feet  deep. 
The  shaft  was  sunk  and  partially  equipped  in  1899,  but  no  coal  of  any 
note  was  mined  until  January  of  the  following  year.  At  present  the 
mine  employs  about  forty-five  persons. 

EUREKA   NO.   4  MINE. 

The  Eureka  Xo.  4  Mine  is  located  one-fourth  mile  east  of  Carbon 
on  the  Big  Four  R.  R.,  and  is  a  part  of  the  workings  of  the  old 
Chicago  Mine,  which  burned  down  in  1891.  At  that  time  the  Chicago 
Mine  was  owned  by  the  Brazil  Block  Coal  Co.,  and,  as  it  was  thought 
to  be  nearly  worked  out,  they  did  not  rebuild  it,  but  later  sold  the 
property  to  tlie  Eureka  Block  Coal  Co.,  which  owned  the  adjacent 
coal  lands.  The  latter  company  commenced  to  sink  in  the  fall  of 
1899,  and  completed  the  shaft  to  the  top  vein  in  the  spring  of  1900. 
Very  little  coal  was  mined,  however,  until  the  following  September. 
Since  that  time  about  forty  miners  have  been  employed  and  the  mine 
has  a  capacity  of  about  200  tons  per  day.  The  work  of  sinking  to  the 
lower  vein  has  lately  been  completed,  and  the  company  is  now  taking 
out  the  water  preparatory  to  working  both  seams,  which  are  said  to 
be  an  excellent  quality  of  block  coal. 

LAWTON   MINK. 

The  Lawton  Mine  is  located  one-half  mile  south  of  Eontanet  on  a 
coal  switch  from  the  Diamond  Mine  switch  and  is  a  new  addition  to 
the  Coal  Bluff  Mining  Co.'s  mining  property.  It  was  completed  and 
ready  for  shipping  coal  in  the  latter  part  of  December,  1900. 

OLEN   MINE. 

This  mine  is  located  one  and  one-half  miles  east  of  Coal  Bluff  on 
the  C.  &  I.  C.  R.  R.,  and  is  also  owned  by  the  Coal  Bluff  Mining  Co. 
Sinking  was  commenced  in  August,  and  the  mine  was  completed  and 
ready  for  operation  about  the  same  time  as  the  Lawton  Mine.-  Infor- 
mation regarding  both  of  these  mines  is  very  meager,  owing  to  there 
having  been  no  reports  nor  any  inspections  made  of  either  of  them. 

Daviess  County, 
black  diamond  mine. 

This  mine  is  owned  by  the  Black  Diamond  Coal  Co.,  and  is  located 
about  one  mile  south  of  Washington  near  the  Petersburgh  Rock 
Road.    It  was  opened  in  1899,  but  was  worked  only  on  a  very  small 
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scale  during  that  year  and  a  greater  part  of  1900.  The  first  report 
made  to  this  office  was  for  the  month  of  November.  At  that  time 
fifteen  persons  were  employed.  The  product  of  this  mine  is  sold 
only  to  local  trade. 

Gbesmb  County, 
wild  cat  mine. 

The  Wild  Cat  Mine  is  owned  and  operated  by  the  L.  T.  Dickerson 
Coal  Co.,  and  is  located  near  the  corporate  limits  of  the  town  of 
Linton  on  the  northwest  side  thereof.  This  is  an  extra  well  equipped 
mine  for  handling  coal,  having  double  first  motion  engines,  self- 
dumping  cages  and  other  modern  appliances.  Ground  was  broken 
in  sinking  the  shaft  last  April,  and  the  output  of  the  mine  for  De- 
cember reached  a  capacity  of  more  than  six  hundred  tons  per  day. 
This  rapid  development  indicates  that  it  will  be  one  of  the  largest 
coal  producers  in  the  State  within  a  very  short  time.  The  second 
outlet,  or  man- way,  is  now  nearly  finished,  and  the  mine  will  then 
be  in  compliance  with  all  the  requirements  of  the  law. 

ISLAND  VALLEY  NO.    2  mINR. 

This  mine  is  located  four  miles  west  of  Linton  on  the  T.  &  V. 
Branch  R.  R.  It  was  opened  by  the  Island  Valley  Coal  Co.  in  1899, 
but  for  some  reason  it  was  not  equipped,  nor  was  the  mine  switch 
laid,  until  September,  1900.  The  vein  worked  here  is  "Coal  VI," 
which  averages  five  and  one-half  feet  thick  and  is  exceptionally  free 
from  faults  and  impurities  which  characterize  this  coal  seam.  An 
inspection  of  the  mine  was  made  during  the  month  of  November, 
and  it  was  found  to  be  in  good  condition,  employing  about  forty 
persons. 

ISLAND  VALLEY   NO.    3   MINE. 

The  Island  Valley  No.  3  Mine  is  also  owned  and  operated  by  the 
Island  Vallcv  Coal  Co.  It  is  located  two  and  one-half  miles  south- 
west  of  Linton  on  a  coal  switch  three-fourths  of  a  mile  long  connect- 
ing with  the  S.  I.  E.  R.  The  shaft  was  sunk  in  the  latter  part  of 
1899,  and  the  company  began  shipping  coal  in  March,  1900.  Two  in- 
spections have  been  made  of  this  mine  within  the  past  year,  one  in  the 
month  of  March  and  the  other  in  September,  at  which  time  the  mine 
was  found  to  be  in  good  condition. 
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BLACK  CBBBK  MIME. 

The  Black  Creek  Mine  is  located  northwest  of  Linton  one  and  one- 
half  miles,  on  a  coal  switch  from  the  S.  I.  R.  R.  This  is  an  electric 
machine  mine,  the  equipment  of  which  is  very  complete,  having 
double  first  motion  hoisting  engines  of  the  latest  improved  pattern, 
self-dumping  cages  and  all  other  conveniences  incident  to  the  hand- 
ling of  a  large  output  of  coal.  The  mine  possesses  many  advantages 
not  common  in  all  mines.  As  a  result  of  considerable  drilling,  the 
shaft  was  located  and  sunk  in  a  basin,  the  main  entries  rising  both 
north  and  south  from  the  shaft  bottom,  thus  affording  natural  drain- 
age as  well  as  the  additional  advantage  of  a  dovm-hill  haulage,  which 
are  two  of  the  most  important  factors  in  the  production  of  coal. 
The  seam  mined  is  ^^Coal  IV,''  which  averages  about  four  feet  nine 
inches  in  thickness  overlain  with  a  hard  gray  slate  roof  of  excellent 
quality,  and  has  a  very  hard  sand-grit  bottom. 

HOOSIER  MINE. 

This  mine  is  owned  and  operated  by  the  Hoosier  Coal  Co.,  and  is 
located  about  two  and  one-half  miles  northwest  of  Linton  on  a  coal 
switch  from  the  S.  I.  Ri  R.  The  company  was  organized  in  June, 
1899.  The  shaft  was  located  and  sinking  begun  October  7th  follow- 
ing. Coal  IV  was  found  at  a  depth  of  one  hundred  and  thirty-three 
feet,  but  had  so  changed  in  formation  and  general  appearance  that 
it  was  not  believed  to  be  "Coal  IV.''  This  coal,  as  shown  in  another 
part  of  this  report,  has  an  average  thickness  of  five  feet  at  nearly 
all  of  the  Linton  mines,  also  a  gray  shale  roof;  while  at  the  Hoosier 
Mine,  the  coal  thins  to  three  feet  seven  inches  and  the  roof  changes 
to  a  hard  sandstone.  The  bottom,  though  somewhat  harder,  is  of 
the  same  character  as  that  found  in  the  Linton  mines.  This  sudden 
change  in  conditions  puzzled  the  mine  management  as  well  as  many 
others,  and  they  finally  decided  that  "Coal  IV"  would  be  found  at  a 
lower  depth.  The  shaft  was  then  sunk  to  what  is  now  admitted  to 
be  "Coal  III."  The  coal  here  was  six  and  one-half  feet  thick,  but 
was  divided  into  two  benches  by  a  band  of  "white  top"  or  "sand  clod," 
one  foot  of  coal  overlying  the  "clod"  and  five  and  one-half  feet  of 
coal  beneath  it.  An  effort  was  made  to  open  and  work  the  lower 
benr-h  of  this  seam,  ])ut  it  was  found  impossible  to  hold  the  "clod" 
for  roof,  and  the  expense  of  handling  three  and  one-half  feet  of  dirt 
would  ])e  po  great  thai  the  coal  could  not  be  mined  and  marketed 
in  competition  with  more  cheaply  produced  coal.  They  abandoned 
this  seam  July  1st,  1900,  and  began  developing  the  top  vein.    An  in- 
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spection  was  made  in  December.  At  that  time  considerable  entry 
had  been  driven  and  several  rooms  turned,  and  there  were  about 

twenty-five  persons  employed  in  the  mine.  Mining  is  done  by  electric 
chain  machines,  and  the  mine  is  exceptionally  well  equipped  for 
handling  a  large  output  of  coal. 

Knox  County, 
the  knox  county  coal  c0.*8  mine 

Tlio  Knox  County  Coal  Company  was  organized  in  the  spring  of 
1900  and  has  opened  an  excellent  mining  property  known  as  the 
Knox  Coal  Mine,  located  one  mile  west  of  Bicknell  on  the  main  line 
of  the  I.  &  V.  R.  R.  The  seam  mined  here  is  "Coal  VI"  and  averages 
four  feet  four  inches  in  thickness,  which,  is  somewhat  thinner  than 
this  seam  is  usually  found,  but  it  is  said  to  be  of  extra  good  quality. 
The  shaft  is  seven  feet  eight  inches  by  fiften  feet  in  size  and  one 
hundred  and  three  feet  deep.  No  expense  has  been  spared  in  equip- 
ping it  as  a  first-class  mine.  The  coal  will  be  mined  by  hand  for 
the  present,  but  it  is  said  that  the  company  is  seriously  considering 
the  advisability  of  using  electric  mining  machines  in  the  near  future. 

Pike  County. 

aberdeen  mine. 

The  Aberdeen  Mine  is  located  five  and  one-half  miles  east  of 
Oakland  City  on  a  coal  switch  from  the  Air  Line  R.  R.,  and  is  owned 
and  operated  by  the  Aberdeen  Coal  Co.  The  shaft  is  eight  by  six- 
teen feet  in  size  and  forty-one  feet  deep;  the  seam  mined  is  "Coal  IV" 
and  is  said  to  be  equal  in  quality  to  the  best  bituminous  coal  in  the 
State.  Mining  at  present  is  done  by  hand,  about  forty-two  miners 
})eing  employed,  but  the  company  is  now  making  arrangements  to 
put  in  electric  machines. 


AI.DEN    MINE. 


This  mine  is  owned  and  operated  by  the  Alden  Mining  and  Mer- 
cantile Co.,  and  is  located  one  mile  from  the  railroad  south  of  the 
town  of  Winslow.  The  coal  tipple  is  built  on  a  railroad  siding  within 
the  cor])orate  liiuits  of  Winslow  and  the  coal  is  hauled  from  th(»  mine 
lo  Ihe  tip])le  over  a  tram  road.  The  seam  mined  is  very  similar  to 
that  mined  at  Ayrshire  No.  3  Mine,  though  the  vein  is  six  or  eight 
inches  deeper  than  at  the  Ayrshire.  The  mine  was  opened  in  1899 
and  worked  as  a  wagon  mine,  the  product  being  sold  to  local  trade. 
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The  tram  road  was  built  during  the  summer  of  1900,  and  it  became  a 
shipping  mine  in  October.  On  inspection  December  12th,  it  was 
found  in  good  condition,  employing  fourteen  persons. 

AYRSHIRE  NO.   4  MINK. 

This  is  a  new  addition  to  the  David  Ingle  Coal  Co.'s  coal  properties, 
and  is  situate  about  one  mile  cast  of  their  No.  3  mine.  The  mine  is 
opened  by  a  drift  and  is  exceptionally  well  located,  having  good  drain- 
age, excellent  roof  and  bottom.  The  coal  seam  is  about  four  feet 
eight  inches  thick  and  in  quality  is  about  the  same  as  that  of  No.  3, 
which  is  said  to  be  the  best  bituminous  coal  in  Indiana.  The  work 
of  opening  the  mine  was  commenced  in  June,  1900,  and  shipping  was 
begun  in  September  following.  An  inspection  was  made  December 
12th,  when  the  mine  was  found  to  be  in  good  condition  and  employ- 
ing twenty-five  persons. 

JAXON   MINE. 

This  mine  is  worked  by  a  slope  and  is  located  about  half  way 
between  Sophia  and  Ayrshire  on  a  coal  switch  from  the  Air  Line 
R.  R.  It  was  opened  in  the  latter  part  of  1899  by  William  Jackson 
and  began  shipping  coal  January  1st,  1900.  Jackson  continued  oper- 
ating it  until  the  following  June,  when  he  sold  the  property  to  David 
Ingle.  At  the  time  the  last  inspection  visit  was  made  (December 
12th,  1900),  the  mine  was  found  idle.  At  that  time  it  furnished  em- 
ployment to  about  thirty  persons. 

Perry  County, 
sulphur  springs  mine. 

This  is  a  small  mine  owned  and  operated  by  the  American  Cannel 
Coal  Co.,  and  is  located  in  the  hill  back  of  Cannelton.  The  mine  is 
worked  by  a  slope  and  furnishes  employment  for  from  about  twelve 
to  fourteen  minors.  The  product  is  sold  to  local  trade  in  the  city  of 
Cannelton  and  the  surrounding  country. 

SuLMVAN  County. 

PHOENIX  NO     3   MINE. 

This  mine  is  located  one-half  mile  west  of  Phoenix  No.  1  Mine, 

and  is  owned  and  operated  by  the  New  Pittsburg  Coal  and  Coke  Co. 

The  mine  is  opened  by  a  slope  some  three  hundred  feet  in  length,  up 

k         which  the  coal  is  hoisted  by  rope.    Mining  is  done  here  partly  by 
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hand  and  partly  by  machines,  the  Harrison  Compressed  Air  Puncher 
(three  in  number)  being  used;  the  power  is  furnished  from  No.  1. 
The  mine  employs  about  forty  persons  and  has  a  capacity  of  two  hun- 
dred and  fifty  tons  per  day. 

PHOENIX   NO.    5   MINE. 

This  mine  is  also  owned  and  operated  by  the  New  Pittsburg  Coal 
and  Coke  Co.,  and  is  located  one-half  mile  north  of  No.  3.  It  is 
worked  by  slope,  the  hoisting  being  done  with  a  third  rail  sprocket 
motor.  The  mining  is  done  here  entirely  by  machines  of  the  same 
style  as  those  used  in  No.  1  and  No.  3,  and  like  No.  3,  the  power  is 
furnished  from  No.  1. 

Vigo  County, 
glen  oak  mine. 

The  Glen  Oak  Mine  is  owned  and  operated  by  the  Torrey  Coal  Co., 
and  is  located  one-half  mile  south  of  Grant  on  a  coal  switch  from  the 
C.  &  I.  C.  R.  R.  The  seam  mined  is  "Coal  VI,''  and  has  an  average 
of  six  and  one-half  feet  in  thickness.  It  is  worked  by  a  shaft  eight 
by  sixteen  feet  in  size  and  fifty  feet  deep.  It  is  the  intention  of  the 
company  to  develop  a  mine  here  whose  capacity  will  be  second  to 
none  in  the  State.  The  shaft  was  commenced  in  July  and  was  com- 
pleted and  equipped  with  the  mine  switch  laid  ready  to  ship  coal  in 
the  latter  part  of  September.  About  twenty  miners  were  employed 
driving  entry  until  September  15th,  when  the  mine  suspended  opera- 
tions for  the  purpose  of  putting  in  electric  chain  mining  machines. 
Two  machines  are  in  use  at  present,  but  this  number  will  be  increased 
as  the  mine  is  developed. 

RED   BIRD   MINE. 

This  mine  is  owned  and  operated  by  the  Fanore  Coal  Co.,  and  is 
located  one  mile  west  of  West  Terre  Haute  on  the  Vandalia  R.  R. 
The  shaft  is  ninety  feet  deep  and  six  by  seventeen  feet  in  size.  The 
(foal  seam  worked  is  "Coal  VI"  and  is  of  an  average  thickness  of  six 
feet.  The  shaft  was  commenced  in  April,  1900.  The  company  began 
shipping  coal  in  October  following.  At  last  report  they  were  employ- 
ing twenty  persons. 

CHICAGO  MINE. 

The  Chicago  Mine  is  owned  and  operated  by  the  Pfaelzer  Coal 
Co.,  and  is  located  one  mile  east  of  Coal  Bluff  on  the  C.  &  I.  C.  R.  R. 
This  is  a  mine  worked  by  a  slope  opened  to  "Coal  VI,"  which  averages 
about  five  and  one-half  feet  thick. 
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The  first  report  made  from  the  mine  was  for  the  month  of  June. 
At  that  time  forty-three  persons  were  employed.  The  December 
report,  however,  shows  this  force  to  have  been  increased  to  seventy- 
one,  and  the  daily  capacity  of  the  mine  is  about  three  hundred  tons. 

KOCH    MINE. 

This  mine  is  owned  and  operated  by  George  Koch.  It  is  a  small 
slope  mine  located  a  short  distance  south  of  Coal  Bluff  on  the  C.  & 
I.  C.  R.  R.  The  mine  has  just  recently  employed  a  sufficient  number 
of  miners  to  bring  it  under  the  law.  The  first  report  made  to  this 
office  was  for  the  month  of  November.  At  that  time  eighteen  persons 
were  employed. 

ROYAL  MIME. 

This  mine  has  lately  been  sunk  and  equipped  by  the  Seelyville 
Coal  and  Mining  Co.  The  first  report  was  made  from  it  to  this 
office  for  the  month  of  November.  They  have  also  completed  an- 
other new  mine  in  the  vicinity  of  Seelyville,  which  will  report  for 
December.  No  inspections,  however,  have  been  made  of  either  of 
these  mines;  therefore  information  regarding  them  is  very  meager. 

Vermillion  County. 

OAK   HILL  mine. 

'^The  Oak  Hill  Coal  Co.  was  organized  in  1899,  and  began  sinking 
tlie  shaft  in  the  fall  of  that  year.  The  shaft  was  completed,  equipped 
and  commenced  shipping  coal  in  March,  1900.  The  shaft  is  situate 
about  half-way  between  the  Brouillet's  Creek  Xos.  4  and  5;  the  coal 
seam  mined  is  ^'Coal  VIT,"  or  wliat  is  known  through  the  Clinton 
field  as  the  top  vein.  Two  inspections  were  made  of  the  mine  in  1900, 
and  it  was  found  in  excellent  condition  at  both  visits.  A  second 
outlet  or  man-way  has  been  provided  by  means  of  a  slope,  which 
places  the  mine  in  compliance  with  the  law  in  every  respect. 

urouillet'8  cheek  no.  5  mine. 

ITiis  mine  was  opened  during  the  year  1900.  It  is  located  about 
three-fourths  of  a  mile  south  of  their  No.  -1  mine.  The  shaft  was  com- 
menced in  the  spring  of  1900,  completed  and  began  shipping  coal  in 
October  following.  An  inspection  made  that  month  found  the  mine 
in  good  condition. 
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Warrick  County. 

niCi    FOUR   MINE. 

This  mine  is  owned  and  operated  by  the  Big  Four  Coal  Co.,  some  of 
whose  members  were  the  former  operators  of  the  Gough  Mine,  whicli 
was  worked  out  and  abandoned  early  in  1899.  This  company  was 
organized  in  1899  and  began  opening  the  Big  Four  Mine  in  the  fall  of 
that  year.  The  work  of  sinking  the  slope  was  completed  and  the  mine 
equipped  ready  to  ship  coal  by  January  1st,  1900.  The  mine  is 
located  one-half  mile  east  of  Boonville  on  the  Air  Line  R.  R.  and  is 
the  largest  producer  in  that  part  of  the  State.  At  the  last  report,  it 
furnished  employment  to  forty-one  miners. 

ABANDONED  MINES  THAT  WERE  REOPENED  IN  1900. 

The  RoDCiBBS  Mn^E. 

This,  probably,  is  the  oldest  mine  in  Pike  County,  having  been 
opened,  as  near  as  could  be  learned,  about  the  year  1870  by  the 
Rodgers  Brothers,  who  operated  it  until  1881,  when  for  reasons 
unknown,  it  was  abandoned  and  allowed  to  fill  with  water.  It  is  said 
that  the  pumps,  mine  cars,  track  and  everything  was  left  in  the  mine 
tlie  same  as  when  it  was  in  operation.  The  S.  W.  Little  Coal  Co. 
leased  the  property  in  November,  1899,  and  began  taking  out  coal 
from  the  old  drift  which  had  been  used  as  a  second  outlet  or  man-wav 
when  the  shaft  was  in  operation.  Since  that  time  they  have  drained 
nearly  all  of  the  water  out  of  the  hoisting  shaft  by  means  of  a  ditch 
some  twenty- two  feet  deep  and  one-fourth  of  a  mile  long,  connecting 
with  the  old  water  shaft  and  extending  across  the  low  ground  west 
of  it.  It  is  thought  that,  after  the  water  is  taken  out  of  the  shaft, 
they  will  rebuild  the  tipple  and  equip  the  mine  anew. 

Thk  Petersburo  Mime. 

Tlu.'  Petersburg  Mine  near  Petersburg  in  Pike  County,  abandoned 
by  the  tT.  Wooley  Coal  Co.  in  1898,  was  re-equipped  by  the  same 
company  in  the  spring  of  1900,  and  it  is  now  being  operated  with 
fairly  good  success. 

The  G08LEE  Mine. 

The  Coslee  Mine,  in  Warrick  County,  near  Chandler  on  the  Air 
Line  R.  R.,  abandoned  in  1890,  was  re-opened  and  equipped  by  J.  S. 
Goslee  about  September,  1900. 

2d-Qeol. 
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The  Lyford  No.  2  Mine. 

ITiis  mine  was  burned  down  in  1896  and  has  remained  idle  since 
that  time.  The  present  (?ompany,  the  Wabash  Valley  Coal  Co.,  began 
cleaning  it  up  in  October,  1900,  and  will  have  it  ready  for  operation, 
February  Ist,  1901. 

ABANDONED  MINES. 

Tht'  following  named  mines  were  exhausted  and  abandoned  in 
1900: 

The  Louise  Mine. 

Located  near  Center  Point  in  Clay  County,  owned  and  operated  by 
the  Crawford  Coal  Co.,  was  abandoned  in  June  of  the  above  year. 

The  San  Pedro  Mine. 

Located  near  Staunton  in  Clay  County,  owned  and  operated  by  the 
,Ios.  Somnicrs  Coal  Co.,  was  abandoned  about  August  1st,  19(H). 

Wi icon's  No.  4  Mine. 

Located  at  Washington,  Daviess  (-ounty,  was  abandoned  in  the 
latter  ])art  of  June  on  account  of  water  coming  into  the  mine  from 
the  old  Sulphur  Springs  Mine,  into  which  the  workings  of  No.  1  were 
driven  about  that  time. 

The  JStikm  Mine. 

Located  111  Silvrrwood  in  Fountain  County,  owned  and  operated  by 
the  Silvcrwood  Coal  Co.,  reduced  its  force  to  less  than  ten  men  who  . 
wer(»  em])loycd  drawing  pillars,  ]>reparatory  to  abandoning  the  mine. 
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IMPROVEMENTS. 

There  has  been  an  unprecedented  amount  of  improvements  in  the 

mines  of  the  State  in  the  past  year,  in  the  way  of  haulage  plants, 

mining  machines  and  other  general  improvements.  Tlie  monthly  re- 
ports from  the  various  mines  of  the  State  show  that  the  sum  of 

$56,424.50  has  been  expended  for  this  purpose,  and  it  is  quite  possi- 
ble that  a  large  amount  of  money  has  been  expended  in  minor  im- 
provements of  which  no  report  has  been  made.  The  more  important 
improvements  and  those  involving  large  expenditures  are  noted 
herein. 

The  Diamond  Block  Coal  Company  of  Clay  County  has  installed 
electric  mining  machines  at  its  No.  3  and  No.  5  Mini's,  changing  the 
value  of  these  properties  very  considerably. 

The  Brazil  Block  Coal  Company  has  equipped  its  No.  11  Mine  in 
Clay  County  and  its  No.  12  Mine  in  Parke  County  with  electric 
mining  machines;  the  latter  mine  has  also  been  furnished  with  a  third 
rail  motor  haulage  system. 

The  Mutual  Mine,  owned  by  the  Mutual  Mining  Company,  is  lo- 
cated about  one  mile  from  the  track  of  the  B.  &  0.  S.  W.  Railroad, 
in  Daviess  County.  The  coal  from  this  mine  was  formerly  conveyed 
to  the  railroad  by  means  of  a  tramway;  but  the  company  has  now 
built  a  switch  to  the  mine  and  has  also  constructed  a  new  tipple  and 
made  other  improvements,  facilitating  the  marketing  of  its  coal. 

The  Island  Coal  Company  has  fully  equipped  its  No.  2  Mine,  in 
Greene  County  with  a  third  rail  motor  haulage  plant,  which  will,  no 
doubt,  increase  the  capacity  of  the  mine  as  well  as  reduce  the  cost 
of  the  production  of  coal. 

The  Prospect  Hill  Coal  Company,  operating  the  Prospect  Hill 
Mine  in  Knox  C^ounty,  has  reconstructed  the  tip])lc  and  coal  bins  at 
the  mine.  The  product  is  sold  exclusively  to  looal  trade  and  mar- 
keted in  wagons.  I'he  new  improvements  will  greatly  facilitate  the 
loading  of  wagons,  and  thus  increase  the  capacity  of  the  mine. 

The  Parke  County  Coal  Company  has  iiistallod  in  its  No.  10  Mine 
in  Parke  County  electric  mining  machines,  and  has  also  equi])ped  the 
mine  with  a  third  rail  motor  haulage. 

The  Phoenix  No.  5  Mine  in  Sullivan  Countv,  owned  bv  the  New 
Pittsburgli  Coal  and  Coke  Coinpanv,  has  been  equipped  with  the 
Morgan  third  rail  sprocket  motor  for  liauling  tlie  coal  from  the 
bottom  of  the  slope  to  the  tipple. 

Crowder  and  Sexton,  operators  of  the  Bunker  Hill  Mine  in  Sullivan 
County,  have  fitted  out  the  mine  with  electric  mining  machines  and 
an  electric  pump.    They  have  also  rebuilt  the  tipple  and  installed  new 
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Prox  and  Brinkman  cages,  putting  the  property  in  first-class  condi- 
tion. 

The  Indiana-Chicago  Coal  Company  has  placed  a  third  rail  motor 
haulage  plant  in  the  Dugger  Mine  in  Sullivan  County,  placing  it 
among  the  best  improved  mines  in  the  State. 

The  Green  Hill  Coal  Company  has  constructed  a  switch  from  the 
railroad  to  the  Green  Hill  Mine  in  Sullivan  County,  owned  and  oper- 
ated by  it. 

Mine  No.  3,  of  the  Brouillet's  Creek  Coal  Company,  located  in  Ver- 
million County,  has  a  deep  hoist.  The  company  has  installed  new 
Litchfield,  first  motion,  double  engines  of  the  latest  improved  pat- 
terns at  this  mine,  and  removed  the  old  engine  to  its  No.  5  Mine. 

The  Chandler  Mine  in  Warrick  County,  owned  by  J.  A.  Brian,  has 
been  equipped  with  a  tail  rope  haulage  system  and  other  improve- 
ments. 

The  S.  W.  Little  Coal  Company  has  improved  its  mine  known  as 
Little's,  by  rebuilding  the  tipple  and  equipping  it  with  new  Prox  and 
Brinkman  (tages,  putting  it  in  condition  for  loading  more  coal. 

The  Sunnyside  Mine  in  Vanderburgh  County,  owned  by  the  Sunny- 
side  Coal  Company,  has  been  improved  by  the  building  of  several 
additions  to  the  tipple  for  the  purpose  of  facilitating  the  hauling  of 
coal. 

EXAMINATIONS. 


Examinations  of  applicants  for  certificates  of  competency  to  serve 
as  mine  bosses,  fire  bosses  and  hoisting  engineers  have  been  held  in 
the  city  of  Terre  Haute  at  throe  dilTereiit  times  during  the  year  of 
1900,  and  the  following  table  gives  the  result  of  each  examination: 


DATES. 


Applicants. 


M.B.  F.B. 


Passed. 


H.E..M.B. 

I 


H.E. 


Failed. 


M.B. 


Terre  Haute,  Miin'h  J I 
Terre  Haute,  June  29. . 


Terre  Haute,  October  16 '    19 


Total 


25 

27 

15 

14 

10 

8 

23 

2 

9 

6 

19 

19 

12 

12 

4 

52 

69 

29 

.36 

20 

H.E. 

13 
14 

5 

32 


The  following  is  a  list  of  the  names  and  addresses  of  persons  who 
passed  at  Uie  above  examinations,  and  to  whom  certificates  of  com- 
petency have  been  granted: 
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Mine  Bosses. 


John  H.  Crabb,  Burnett. 
James  Peel,  Cardonia. 
Alec  G.  Murdock,  Cardonia. 
Herman  Rose,  Littles. 
James  T.  Jones,  W.  Terre  Haute. 
Q«orge  R.  Moore,  Seelyville. 
John  T.  Price,  Washington. 
Henry  Osha,  Washington. 
Simon  Grill,  Washington. 
James  H.  McKenna,  Washington. 
Reub  Small,  Clinton. 
James  A.  Erwin,  St.  Marys. 
Ralph  Thomas,  C/enter  Point. 
M.  D.  West,  Cloverland. 
William  L.  Smith,  Ayrshire. 


Oscar  Busier,  Coxville. 
Charles  F.  Hill,  Coal  Bluff. 
Thomas  McCrae,  Clinton. 
Victor  Allais,  Montezuma. 
Ellis  G.  Hooper,  Bicknelh 
W.  F.  Decker,  Burnett. 
William  Davison,  Hymera. 
John  Jones,  Bicknell. 
James  A.  Erwin,  St.  Marys. 
Frank  Sharer,  Brazil. 
Thomas  Morris,  Brazil. 
John  Dagon,  Brazil. 
James  Devonald,  Burnett. 
William  Small,  Linton. 


HoisTiNcj  Engineers. 


J.  B.  Gustin,  Slielburn. 
Ed  Britzuis,  Newburgh. 
John  E.  Jones,  Linton. 
Marion  Beckett,  Hymera. 
Herman  Sauer,  Dugger. 
Philip  Stevens,  Knightsville. 
James  Donald,  Sullivan. 
Frank  Dare,  Dugger. 
Orval  Ham,  Linton. 
Terry  Ring,  Hymera. 
William  T.  Hopkins,  Carbon. 
John  A.  Beck,  Sullivan. 
William  T.  Neal,  Hymera. 
Purdy  C.  Pullis,  Hymera. 
Willard  Fox,  Bicknell. 
W.  F.  Maddox,  Linton. 
B.  M.  McNabb,  Linton. 
Grant  Rawson,  Terre  Haute. 


John  F.  McPerran,  Evansville. 
J.  L.  France,  Gleezen. 
William  F.  Houzer,  Turner. 
C.  L.  Wilson,  Seelyville. 
Robert  J.  Stephens. 
Elmer  Coleman,  St.  Bernice. 
Thomas  J.  Hillburn,  Bicknell. 
Otis  Collins,  Bicknell. 
Nat  Hagerman,  Linton. 
Charles  Cummins,  Hymera. 
Jessie  Walter  Marshal,  Clay  City. 
( /harles  John  Davis,  Newport. 
Henry  Carrell,  Clay  City. 
George  (irenier,  Edwardsport. 
L.  D.  Ferguson,  Marco. 
M.  McMorrow,  Brazil. 
James  McClelland,  Brazil. 


NOTES. 

1.  There  were  no  applicants  for  fire  boss  certificates  at  any  of  the 
above  examinations,  as  shown  by  the  above  table. 

2.  The  question  will  probably  arise  in  the  minds  of  some,  why 
the  examinations  of  1900  were  all  held  in  the  city  of  Terre  Haute 
while  there  are  three  other  cities  named  by  statute  where  examina- 
tions may  be  held.  It  may  be  well  to  state  in  explanation  thereof 
that  a  very  large  per  cent,  of  the  applicants  at  these  examinations 
resided  in  Clay,  Vermillion,  Sullivan,  Greene  and  Vigo  counties. 
Terre  Haute  is  centrally  located  with  reference  to  all  these  counties 
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CHANGES  IN  OWNERSHIP  OF  MINES. 

The  Green  Hill  Mine  in  Sullivan  County  changed  hands  in  Sep- 
tember of  last  year,  and  is  now  owned  by  Ohio  capitalists.  It  is  still, 
however,  operated  under  the  old  company  name  of  the  Green  Hill 
Coal  Company. 

D.  P.  Whitset  and  his  nephew,  Paul  Whitset,  who  are  connected 
with  the  Rainbow  Coal  and  Mining  Company,  bought  the  controlling 
interest  in  the  George  Ingle  Coal  Mine  in  Sullivan  County  in  Novem- 
ber, 1900. 

The  Nevnns  Coal  Company,  whose  mine,  called  Klondike,  is  located 
near  Grant  in  Vigo  County,  sold  out  this  mine  to  the  Brouillet's 
Creek  Coal  Company  in  December,  1900. 

The  Jaxon  Mine  in  Pike  County  was  purchased  last  June  by  David 
Ingle  from  William  Jackson,  its  former  proprietor. 

The  Lyford  No.  2  Mine  in  Parke  County  changed  hands  in  March, 
1900,  passing  into  the  possession  of  William  Ivchberg  and  his  son. 
It  is  operated  under  the  name  of  the  Wabash  Omi  Company  as  for- 
merly. This  mine  has  changed  hands  several  '  iines  in  the  last  few 
years,  and  has  been  allowed  to  get  in  bad  condition.  However,  its 
present  owners  have  expended  a  large  amount  of  money  in  improving 
it,  and  it  is  now  in  first-class  condition  and  is  a  very  desirable  piece 
of  coal  property.  The  present  owners  are  also  cleaning  up  the  old 
Lyford  No.  1  Mine  which  burned  in  189G,  and  intend  to  re-equip  it, 
which,  when  put  in  operation,  will  place  this  company  among  the 
largest  producers  in  the  State.  These  improvements  are  largely  due 
to  the  energy  and  enterprise  of  tlie  son,  William  Kichberg,  Jr. 

Th(i  Unity  Mine  in  Vanderburgh  Couniy  has  been  operated  on  a 
small  scal(»  for  four  or  five  years,  but  has  passed  under  the  control 
of  the  C-rescent  Coal  and  Mining  Company  of  Evansville. 


OPINION  OF  ATTORNEY-GENERAL  WITH  REFERENCE  TO  PERSONS 
SERVING  AS  NIGHT  WATCHMEN  WITHOUT  HAVING  HOISTING 
ENGINEERS'  CERTIFICATES;  AND  ALSO  ON  MAITER  OF  SECOND 
OUTLET  OR  MAN-WAY. 

There  have  been  several  complaints  made  to  this  office  by  hoisting 
engineers  during  the  past  year,  on  account  of  persons  serving  as 
night  watchmen  who  were  not  holders  of  hoisting  engineers'  certifi- 
cates.   The  same  complaint  was  made  to  Mr.  Fisher  during  his  term 
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of  office,  and  he  established  a  precedent  by  refusing  to  prosecute  such 
persons,  and  gave  in  his  report  for  1897  his  reasons  for  such  action. 
I  decided  to  refer  the  matter  to  the  Attorney-General  and  ask  his 
opinion  on  the  matter. 

The  question  also  came  up  during  the  year  as  to  whether  a  mine 
working  a  clay  and  a  coal  seam  both  from  the  same  opening,  yet 
working  less  than  ten  men  in  either  seam,  would  be  considered  as  a 
coal  mine  subject  to  the  mining  laws  or  not.  This  question  I  also 
submitted  to  the  Attorney-General,  and  I  herewith  submit  his  opinion 
in  both  instances: 

First.  The  act  of  1897  provides  that  no  person  shall  serve  in  the 
capacity  of  miue  boss,  fire  boss  or  hoisting  engineer  of  any  coal  mine  in 
this  State  without  first  having  received  from  the  Inspector  of  Mines  a 
certificate  of  service  or  of  competency.  Section  2  defines  the  require- 
ments for  certificates  of  service.  Section  3  defines  the  requirements  for 
certificates  of  competency.  Section  5  makes  it  unlawful  for  any  owner 
or  operator  of  a  coal  mine  to  employ  any  person  in  the  capacity  of  mine 
or  fire  boss,  or  hoisting  engineer  unless  sucli  person  has  a  certificate  either 
of  service  or  of  competency. 

The  Inspector  of  Mines  is  the  sole  judge  of  the  competency  of  appli- 
cants. He  may  determine  this  by  written  or  oral  examination,  or  both 
combined,  as  he  may  prescribe.  Such  applicant  must  show  that  he  is 
qualified  by  experience  and  technical  knowledge  to  perform  the  duties 
of  mine  l>oss,  fire  boss,  or  hoisting  engineer.  The  technical  knowledge 
lias  reference  to  the  duties  to  be  performed  as  a  mine  or  fire  boss  or 
lioisting  engineer.  As  Inspector  of  Mines  you  are  the  sole  judge  in  deter- 
mining tlie  issuance  of  such  certificates.  It  becomes  a  question  of  fact 
with  you.  Any  one  who  acts  as  a  hoisting  engineer  must  liave  a  certifi- 
cate. As  to  what  is  a  hoisting  engineer  is  a  matter  of  fact  to  be  deter- 
mined by  you.  You  are  not  limited  as  to  the  time  of  holding  the  examina- 
tions. The  places  of  such  examination  are  fixed  by  law  and  you  are  to 
determine  from  time  to  time,  by  such  examination,  who  shall  hold 
certificates. 

Second.  As  to  your  second  (luestion:  Section  1  of  the  act  of  1879 
defines  tlie  term  **mine"  as  follows:  "The  term  *mine'  as  used  in  tliis  act 
includes  every  shaft,  slope  or  drift  which  is  used  or  has  been  used  in  the 
mining  and  removal  of  coal  from  and  below  the  surface  of  the  ground." 

If  one  vein  of  coal  is  found  below  another  and  both  are  mined  out 
of  tlie  same  shaft  or  slope,  the  number  of  men  employed  in  the  two  veins 
would  be  counted  as  one  mine  and  should  be  added  together,  because  both 
are  mining  coal. 

The  case  you  put,  however,  is  where  there  is  clay  dug  and  taken  out 
of  the  same  shaft  with  the  coal,  the  coal  being  much  deeper  than  the 
clay,  less  than  ten  men  being  worked  in  the  coal  mine  and  less  than  ten 
in  tlie  clay. 

Many  dangers  are  incident  to  a  coal  mine  that  are  entirely  wholly 
absent  from  a  clay  pit  or  mine.    In  fact  the  statute  does  not  refer  at 
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all  to  mining  clay.  It  is  my  view  that  the  law  does  not  intend  that  the 
number  of  men  in  the  coal  mine  shall  be  added  to  those  working  on  the 
clay  80  as  to  bring  the  number  up  to  10.  If,  however,  the  number  who 
are  worlLing  in  the  clay  should  become  so  numerous  as  to  hazard  the  men 
in  the  mine,  you  would  undoubtedly  have  the  right  to  forbid  the  use  of 
the  same  shaft  for  both  purposes. 

I  liave  the  honor  to  be  Very  truly  yours, 

WM.  L.  TAYLOR, 

Attorney-General. 


\ 


REPORT  OF  STATE  SUPERVISOR  OF  OIL  INSPECTION* 


Indianapolis,  Ind.,  January  14,  1901. 

Prof,  W,  S.  Blaichley,  State  Geobgut : 

Dear  Sir — I  have  the  honor  to  submit  herewith  the  following  re- 
port for  the  year  1900,  which  is  made  in  compliance  with  Section 
5151  R.  S.  1881.  The  total  inspection  of  petroleum  oil  for  illuminat- 
ing purposes  amounted  to  296,800  barrels.  Of  this  number  296,135 
barrels  were  approved  for  use  in  the  State  and  665  barrels  were 
rejected  for  illuminating  purposes. 

There  are  at  this  time  116  cities  and  towns  of  the  State  in  which 
are  located  storage  tanks  for  handling  refined  oils,  14  new  stations 
having  been  erected  during  the  past  year. 

There  have  been  no  accidents  reported  resulting  from  the  use  of 
coal  oil  as  an  illuminant. 

Respectfully  submitted, 

W.  C.  ZARING. 

DEPUrY  STATE  SUPERVISORS  OF  OIL  INSPECTION. 

Andrew,  E.  H Lafayette,  Ind. 

Hell,  T.  E Hammond,  Ind. 

Rlatrhlev,  F.  H Bainbridge,  Ind. 

Roltz,  J.  H Winchester,  Ind. 

Bowman,  M.  J Madif^on,  Ind. 

Cooper,  W.  V Evansville,  Ind. 

Crahbs,  ().  W Muncie,  Ind. 

Davenport,  J .  B Elkhart,  Ind. 

Di-rr,  Walter South  Bend,  Ind. 

DorHey,  ('liarl«»8  B New  Albany,  Ind. 

Doreey,  W.  C .Terre  Haute,  Ind. 

Johnston,  J.  M Logansport,  Ind. 

Lane,  C.  R Ft.  Wayne,  Ind. 

Lockwood,  ('.  W Peru,  Ind. 

Markley,  (J.  W Crawfordsville,  Ind. 

Sc-hutt,  M.  A Michigan  City,  Ind. 

Weems,  K.  F Vincennes,  Ind. 

Zehrung,  P.  H Cambridge  City,  Ind. 

(477) 
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TABLE  SHOWING  THE  TOTAL  NUMBER  OF  BARRELS  OF  PE- 
TROLEUM OIL  INSPECTED  AT  EACH  STATION 

FOR  THE  YEAR  1900. 

Station.  Bhk. 

Anderson   1,645 

Angola    2,166 

Argos 371 

Attica    2,161 

Auburn  1,370 

Aurora 2,569 

Batesville 1,324 

Bedford 2,100 

Bloomfleld   1,777 

Bloomington    1,329 

Bluffton 2,094 

Boonville 818 

Bourbon    1,028 

Brazil 3,375 

Bremen  i>$l 

Brooks 305 

Brookville 1,746 

Butler  520 

Brownstown    454 

Churubusco   493 

Cincinnati,    0 4,195 

fneveland.  O S,274 

Columbia   (Mty 1,410 

Columbus   2,833 

(^onnersvillo 2,324 

(^orydon 1)51 

( ■rawfordavillo   4.076 

Crown  Point  1,129 

Danville   1.S71 

Danville,    III 223 

Decatur 1,450 

Delphi   1.480 

Elkhart 4.036 

KIwood   1,206 

Kvansville    17,022 

Ft.  Wayne 10,171 

Fowler I,7a3 

Frankfort 2,702 

Franklin    1,925 

Francesville 244 

Garrett   641 

Goshen 2,0:i5 

(4reencastle   1,385 

Greenfield 1,119 

Greensburg 1,499 

Hammond 3,688 
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Station.  BbU. 

Hartford  City 979 

Hobart 928 

Huntingburg 1,235 

Huntington 3,027 

Indianapolis 43.860 

Jefferson  ville 3,094 

Jasper 121 

Kendallville 1,787 

Knox  525 

Kokomo 2,G2G 

Lafayette  8,273 

Lagrange 1,045 

Laporte 2,033 

Lebanon   2.752 

Liberty   763 

Ligonler 1,060 

Lima,   0 729 

I^ogansport 4.101 

Louisville,  Ky 3,180 

Madison 3,38:^ 

Mansfield   1,886 

Marlon 2,086 

Martinsville 1,094 

Michigan    City   2,218 

Monticello 476 

Monroeville 364 

Mount  Vernon 718 

Muneie 1,668 

Nappanee 1,304 

New   Albany 3,80<J 

New   (Castle 1,648 

Newport   840 

North   Manchester 1,348 

North  Vernon 1,380 

Oakland  City 548 

Faoli 833 

Peru  2,617 

Petersburg 278 

Pierceton 525 

Plainfield    380 

Plymouth   1,134 

Porter   5(K> 

Portland  1,798 

Posey  ville 937 

Princeton   1,803 

Remington   820 

Rensselaer  1,002 

Richmond 4,815 

Roachdale 341 

Rochester 1,509 
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Station,  BbU, 

Rockport 904 

Rockvllle 1,796 

Rushville 1,813 

Salem 1,170 

Scottsburg    764 

Seymour 1,919 

Shelbyville  2,387 

South  Bend 8,032 

Spencer 706 

St.  Joe 254 

Sullivan 1,727 

Tell  City 920 

Terre  Haute 11,137 

Tipton  : 511 

Toledo,  O 1.800 

Topeka 196 

Union  City 2,328 

Valparaiso   1,739 

Veedersburff 1,226 

Vevay   129 

Vincennes 5,973 

Wabash 2,163 

Walkerton    1,059 

Warsaw 1,609 

Washington  3,221 

Westlield 1.420 

Whiting 5,000 

Winamae 1,030 

Total  r~2JX;,8(Ki 

TARLK  SHOWING  NUMBKU  OF  I^AUKELS  OF  MINERS'  OITi 

INSPECTED  FOR  THE  YEAR  10(M). 

\\'ht:re  Inspected.  HUs. 

Brazil 392 

Bernard 5 

Clinton 11 

Dugger   3 

Evansville 154 

Farusworth   2 

Fontanet  25 

Heckland   14 

Indianapolis 179 

I.yford 7 

Rosedale 1 

Shelburn 1 

Staunton 2 

Turner 1 

Terre  Haute 656 

Vincennes 169 

Total 1,622 


THE  PETROLEUM  INDUSTRY  IN  INDIANA  IN  1900. 


By  W.  S.  Blatchley. 


TRENTON  ROCK  PETROLEUM. 

The  Trenton  limestone,  which  underlies  the  whole  of  the  State  of 
Indiana,  is  the  source  of  by  far  the  greater  part  of  the  gas  and  oil 
produced  in  the  State.  The  Trenton  is  one  of  the  lower  or  older 
formations  of  the  Lower  Silurian  System.  The  upper  formation 
of  this  system,  namely  the  Hudson  River  limestones  and  shales,  forms 
the  surface  rocks  of  several  counties  in  the  southeastern  part  of  the 
State.  Between  the  Hudson  River  limestone  and  the  Trenton  lime- 
stone is  a  persistent,  fine-grained  dark  brown  or  blackish  shale, 
known  as  the  Utica  shale.  This  lies  immediately  on  top  of  the 
Trenton  limestone  and  forms  the  necessary  impervious  cover  over 
the  porous  portions  of  that  formation.  In  these  porous  portions  the 
oil  and  gas  are  stored,  and  the  presence  of  the  overlying  close  grained 
Utica  shale  has,  for  centuries,  kept  these  stored  products  from  escap- 
ing upward,  and  passing  off  as  volatile  products.  Trenton  limestone 
does  not  outcrop  or  form  the  surface  in  any  part  of  the  State,  and  its 
known  closest  proximity  to  the  surface  is  near  Lawrenceburg,  Dear- 
born County,  where  it  is  348  feet  below. 

Formation  of  Porous  Portions  of  Trenton  Limestone. — The 
Trenton  limestone  is  a  sedimentar}^  rock;  i.  e.,  one  which  was  laid 
down  in  water — the  bottom  of  the  sea — ages  ago.  When  first  formed 
it  was  a  nearly  pure  calcium  carbonate  or  carbonate  of  lime.  In  the 
course  of  time,  certain  areas  of  the  sea  bottom,  covered  with  the 
incipient  limestone,  were  slowly  raised  until  they  became  higher  than 
the  others,  and  formed. shallow  basins,  lagoons  or  bays.  Some  of 
these  raised  portions  covered  very  large  areas.  Others  were  isolated 
or  separated  from  the  main  area,  sometimes  by  a  distance  of  20 
to  30  miles.  The  outline  of  all  was  irregular,  with  many  indentations 
along  the  margins.  In  these  more  shallow  portions  of  the  Silurian 
seas  the  water  became  in  time  very  briny  and  caused  a  chemical 
change  in  the  rock.  To  the  lime  carbonate  was  added  some  magnesia 
from  the  brine,  and  a  magnesia-lime  carbonate  called  "dolomite" 

31-Q«ol.  (481) 


482  REPOHT  OF  STATE  GEOLOGIST. 

resulted.  Wlierever  this  change  took  place — which  was  only  in  the 
shallow,  briny  areas  noted — the  resulting  dolomite  was  porous.  This 
porous  condition  was  due  to  the  fact  that  the  new  crystals  of  dolomite 
were  smaller  than,  and  never  entirely  tilled  the  spaces  occupied  by, 
the  older  crystals  of  lime  carbonai>e.  The  larger  areas  of  the  Trenton 
limestone  deposit  beneath  the  present  hounds  of  Indiana  were  either  too 
impure  to  admit  of  a  change  into  dolomite,  or  the  conditions  of  sea  level 
were  never  such  that  the  change  could  take  place;  hence  they  are  non- 
porous  and  barren  of  either  oil  or  gas. 

Origin  of  Petroleum. — The  petroleum  of  the  Trenton  limestone 
was  formed  in  that  rock  many  thousands  of  years  ago.  Myriads 
of  animals,  as  polyps,  bryozoans,  crinoids,  brachiopods,  trilobites  and 
fishes,  existed  in  the  sea  at  the  time  the  sediment  of  the  Trenton 
Ihnestone  was  being  deposited.  The  presence  of  such  swarms  of 
animal  life  made  necessary  the  existence  of  an  abundance  of  plants, 
since  the  plant  must  ever  precede  the  animal  and  gather  for  the 
latter  the  energy,  and  form  for  it  the  food — the  living  protoplasm — 
necessary  to  its  existence.  These  plants  were  mostly  marine  alga? 
or  seaweeds  and  fucoids,  though  doubtless  many  other  forms  existed 
of  which  no  remains  have  been  preserved  in  the  rocks  of  that  age. 
As  these  organisms,  both  plant  and  animal,  died,  their  bodies,  in  vast 
numbers,  were  buried  in  tlie  slowly  forming  sediment.  By  the  waters 
above  and  the  ooze  around  them  they  were  shut  off  fnmi  the  free 
oxygen  of  the  air  and  the  decay  ordinarily  iindergont»  by  dead  organ- 
isms was  thereby  ])revente(l.  Instead  of  decaying,  their  soft  parts 
underwent  a  process  itf  slow  desfrurlire  dislilldlion  which  resulted  in 
the  jietroleum  now  being  brought  u])  from  the  rocky  depths  where 
it  has  long  l)een  stored.  The  crusts  and  shells  of  their  bodies  went 
far  toward  forniinii:  the  carlKHiate  of  lime  of  the  Trenton  rock,  fully 
.so  per  cent,  of  which  is  derived  from  the  remains  of  their  secretions 
and  incrustations.  It  is  a  well  known  fact  that  if  wood,  coal  or  th<» 
body  of  any  animal  l)e  ])laced  in  an  air-tight  retort  and  heated,  a 
distillation  will  occur,  and  the  olg'ect  will  be  changed  to  gaseous,  oily 
and  solid  matters.  In  the  absence  c>f  heat  and  air  a  very  long  period 
of  time  will  bring  about  the  sanie  results.  By  this  is  meant  the 
process  of  "sU>w  destructive  distillation"  above*  mentioned. 

Anticlines  and  Synclinf.s. — The  surface  of  the  Trenton  lime- 
stone is  not  level  as  many  peo])le  su])pose.  but.  like  the  surface  of 
the  earth,  is  a  series  of  alternating  arches  and  depressions  or  ridges 
and  valleys.  The  arcbes  or  domes  are  like  inverted  troughs  and  vary 
much  in  width  and  area,  as  do  also  the  depressions  between  them. 
Wherever  gas  and  oil  occur  they  will  be  found  in  a  porous  stratum  in 
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one  of  the  arches,  or  anticline^y  as  they  are  called.  If  a  bore  happens 
to  bo  put  down  and  strikes  a  depression  or  syncline  between  the 
arches,  salt  water  will  invariably  be  found.  If  both  gas  and  oil  are 
present  in  a  certain  area,  and  the  bore  strikes  the  flank  or  side  of 
the  arch,  oil  will  result.  If  the  bore  strikes  the  crest  or  dome  of  the 
arch,  gas  will  flow.  The  cause  of  this  is  simple,  being  due  to  the 
arrangement  of  the  three  fluids  according  to  their  relative  weights. 
When  the  oil  was  first  formed  it  was  pushed  or  carried  hither  and 
thither  bv  the  heavier  salt  water  behind  it.  Much  of  it  was  carried 
away  by  the  water  and  lost,  but  wherever  one  of  the  porous  areas 
exist^l  in  the  side  or  top  of  an  anticline  the  oil  was  carried  into  it 
and  there  remained.  During  the  ages  which  have  elapsed  much  of 
the  oil  was  changed  into  a  volatile  gas,  which  rose  into  the  higher 
porous  portions  of  the  anticlines  or  ridges  of  the  Trenton  limestone. 
As  this  giXir^  accumulated,  it  pressed  back  the  remaining  oil  into  the 
sirh's  or  flanks  of  the  arch.  The  oil  being  lighter  than  the  water, 
rested  upon  the  latter  and  prevented  it  from  rising  into  the  higher 
porous  portions  of  the  limestone.  When  a  bore  is  put  down  and 
strikes  gas  the  latter  will  flow  until  the  quantity  which  is  stored  in 
the  porous  area  of  the  anticline  is  exhausted,  when  the  oil,  if  any  be 
present  on  the  flanks  or  lower  portions  of  the  porous  stratum,  will 
rise  in  the  gas  well.  It  may  be  that  the  oil  has  been  carried  by  the 
salt  water  into  the  porous  portions  of  another  anticline,  and  that 
only  salt  water  occurs  beneath  the  gas.  If  this  be  true,  the  water 
will  fill  the  porous  reservoir  as  soon  as  the  gas  is  exhausted.  The 
anticlines  vary  much  in  size,  their  domes  running  from  scores  of 
miles  down  to  a  half  mile  or  less  in  width.  The  gas  in  the  higher 
part  of  each  anticline  is,  therefore,  often  shut  off  from  that  in  a 
neighboring  anticline  by  the  intervening  oil  or  water,  or  both.  In 
the  same  way  the  oil  in  an  anticline  which  contains  oil  only  may  be 
shut  off  from  that  in  another  anticline  by  the  salt  water  filling  all 
the  porous  portions  of  the  syncline  between.  It  often  happens  that 
a  gas  hovo  is  ]mt  clown  which  strikes  the  crest  of  a  narrow  anticline 
or  raised  portion  of  Trenton  limestone  which  has  not  before  been 
pien^ed.  As  a  result  the  so-called  rock  pressure  of  the  gas  is  at  first 
high,  but  rayndly  declines  on  account  of  the  small  size  of  the  anti- 
cline. All  the  wider  and  higher  anticlines  in  the  main  gas  field  in 
Indiana  in  which  porous  Trenton  occurs,  have  been  pierced  many 
times,  and  tli(»  stored  gaseous  product  has  become  almost  exhausted. 
Ohkiix  ok  Natural  Gas. — From  what  has  been  said  it  will  be 
seen  that  both  natural  gas  and  oil  have  a  common  origin;  viz.,  the 
destructive  distillation,  carried  on  through  thousands  of  years,  'of 
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the  plants  and  animals  which  existed  in  the  Trenton  Period.  The 
gas  is  only  the  lighter  and  volatile  portion  of  the  oil,  which  has  risen 
into  the  higher  interstices  of  the  limestone.  If  an  open  barrel  be 
filled  with  crude  petroleum  from  the  Trenton  limestone  of  Indiana 
and  exposed  for  a  single  summer  to  the  air,  more  than  half  of  the 
contents  will  pass  away  in  the  form  of  vapor,  and  a  sticky,  tar-like 
residue  will  remain.  If  by  some  means  the  escaping  vapor  could  be 
collected  and  analyzed  it  would  be  found  in  the  main  to  have  the 
same  composition  as  natural  gas.  In  fact  it  would  be  natural  gas 
and  would  burn  as  freely  as  a  sample  of  that  valuable  fuel,  collected 
in  the  ordinary  way.  In  the  depths  of  the  rock  the  evaporation  of 
the  oil  has  been  extremelv  slow  and  the  amount  has  been  limited 
both  by  the  varying  pressure  of  the  overlying  gas  and  the  underlying 
water.  There  is  little  doubt,  however,  but  that  all  the  natural  gas 
of  the  Trenton  limestone  has  been  so  derived.  The  amount  of  gas 
and  oil  accumulated  in  any  field  will  depend  almost  wholly  upon 
the  area  and  height  of  the  anticline,  and  upon  the  relative  thickness 
and  degree  of  porosity  of  the  dolomitio  portion  of  the  Trenton  lime- 
stone. 

Pools  Not  Necessarily  Connected. — A  fallacy  which  is  held 
by  many  would-be  operators  in  the  Indiana  field  is,  that  oil  fields  or 
pools  run  in  linos,  and  that  one  field  is  connected  with  all  others, 
the  oil  flowing  from  one  to  the  other,  through  a  continuous  strip  of 
porous  rock.  ITiis  may  in  part  be  true  in  the  Pennsylvania  oil 
regions,  but  it  is  wholly  untnie  in  the  Trenton  limestone  area  of 
Ohio  and  Indiana.  While  all  the  so-called  "pools''  of  that  area  are 
found  in  the  anticlines  in  the  Trenton  formation,  they  are  not  neces- 
i^arily  connected,  nor  do  the  anticlines  run  in  straight  lines.  From 
what  has  been  said  about  the  origin  of  the  porous  areas  of  the  Tren- 
ton limestone  it  will  be  seen  that  a  pool  may  be  of  any  shape,  and  may 
lie  in  any  direction  from  any  other  pool.  Its  boundaries  may  be 
straight  or  sinuous;  its  area  one  square  yard  or  one  thousand  square 
miles.  If  the  conditions  necessary  for  the  storing  of  petroleum, 
namely,  a  porous  reserv^oir,  located  in  the  flank  or  dome  of  an  anti- 
cline of  the  Trenton  limestone,  with  an  impervious  cover  above  it  and 
a  water  pressure  below  it,  have  been  present  in  the  past,  the  oil  will 
very  likely  bo  found,  whatever  the  shape,  size  or  relative  location  as 
to  other  similar  reservoirs.  If  any  one  of  these  conditions  is  lacking 
or  has  been  lacking,  the  bore  is  sure  to  bo  a  dry  hole.  Inasmuch 
as  the  top  of  the  ^IVenton  limestone  in  the  main  Indiana  field  is 
i'verv where  from  700  to  1,000  feet  below  the  surface,  it  will  be  seen 
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that  the  problem  of  locating  in  advance  a  paying  well  is  a  most  diffi- 
cult one. 

No  Surface  Indications  of  Oil. — Samples  of  oil  or  of  water 
containing  oil  are  constantly  being  received  at  the  office  of  the  State 
Geologist  from  stations  outside  of  the  present  producing  oil  field. 
For  the  most  part  they  have  been  gathered  near  the  surface,  and  the 
persons  collecting  them  believe  that  they  are  "surface  indications^^ 
of  a  large  supply  of  the  precious  liquid.  In  this  they  are  mistaken, 
for  the  sample  collected,  if  traced  to  its  source,  will  be  found  to 
have  exuded  from  a  crevice  in  some  neighboring  stratum  of  rock, 
or  to  have  come  from  some  large  mass  of  vegetable  matter,  partially 
or  wholly  covered  with  water  or  mud.  Every  shale,  sandstone  or 
limestone  in  the  State  contains  oil  in  greater  or  less  quantities,  and 
even  where  the  amount  is  infinitcsimally  small,  enough  may  collect 
io  exude  from  a  crevice  and  produce  a  showing  upon  some  near-by 
surface  of  water.  In  the  minuiely  difTused  state  in  which  the  oil 
is  originally  formed  it  is  wholly  without  value.  Like  all  other  forms 
of  mineral  wealth,  it  must  be  concentrated  into  reservoirs,  the  so- 
called  "pools"  of  the  oil  fields,  before  it  can  be  utilized  by  man. 

Again,  many  letters  are  received,  asking:  "What  are  the  surface 
indications  of  gas  or  oil?"  To  all  such  inquiries  I  reply  that  in 
Indiana  there  is  absolutely  no  such  thing  as  a  "surface  indication" 
of  either  of  these  fuels.  AVhere  they  occur  in  paying  quantities  in 
this  State,  they  are  found  at  depths  varying  from  700  to  1,500  feet 
below  the  surface,  and  no  human  being  can  say  with  certainty  that  a 
bore  put  down,  even  in  the  best  prospective  territory,  will  yield 
either  in  paying  quantities.  The  operator  who  is  thinking  of  putting 
down  a  bore  in  undeveloped  territory,  can  only  sink  his  drill;  he 
has  no  way  of  knowing  beforehand  what  the  result  will  be.  He  may 
pierce  the  center  of  a  reservoir  and  get  a  500  barrel  well;  he  may 
strike  near  its  outer  rim  and  gi'i  a  10  barrel  well. — he  may  miss  it 
altogelhiT  and  get  a  dry  hole.  One  thing  he  can  rely  upon  if  he 
strikes  a  productive  well,  and  that  is,  that  he  is  drawing  upon  a 
stored  product  which  is  not  now  being  formed  in  the  rock  from  which 
it  is  drawn,  and  that,  therefore,  he  must  eventually  exhaust  the 
stock  from  the  immediate  vicinity  of  his  bore. 

Necessity  of  Accurate  Surface  Levels. — Where  a  bore  for 
petroleum  has  resulted  in  a  good  producing  well,  the  level  of  the 
surface  of  the  Trenton  rock  below  tide  should  be  carefully  ascer- 
tained. This  can  be  done  only  by  running  a  transit  level  from  the 
nearest  point  where  the  surface  level  is  known,  usually  on  a  railway, 
to  the  surface  of  the  bore.    By  subtracting  the  surface  level  of  the 
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bore  from  the  depth  at  which  Trenton  limestone  is  first  struck,  the 
surface  level  of  the  latter  will  be  obtained.  In  but  few  places  in  the 
State  is  Trenton  found  above  sea  level.  Where  so  found  the  depth 
to  Trenton  will  be  less  than  the  surface  level  of  the  bore,  and  should 
be  subtracted  accordingly. 

The  location  of  the  first  dozen  or  more  wells  in  anv  area  a  mile  or 
two  square  must  of  necessity  be  largely  a  matter  of  guess  work,  but 
if  the  surface  level  of  the  Trenton  in  each  bore,  productive  or  dry, 
be  carefully  ascertained,  the  trend  of  the  anticline  and  the  approxi- 
mate limits  of  the  field  or  pool  can  be  soon  determined.  Too  much 
guess  work  concerning  the  surface  level  of  the  spot  on  which  the 
well  is  located  has  been  done  in  the  past.  In  a  broken  country  it  is 
diflBcult  for  any  man  to  guess  approximately  at  the  relative  levels 
of  two  points  a  quarter  of  a  mile  apart,  and  the  new  level  should 
always  be  ascertained  with  instruments.  Of  course  the  surface  level 
of  the  bore  has  nothing  to  do  with  the  absolute  height  or  surface 
level  of  the  Trenton,  or  the  absence  or  presence  of  the  petroleum, 
but  it  has  a  great  deal  to  do  with  the  accurate  (hierminnlxon  of  the 
surface  level  of  the  Trenton,  and  iherefore  with  the  location  of 
future  wells.  If  a  few  thousand  dollars  had  been  s])ent  in  Indiana 
in  past  days  in  the  careful  detorniination  of  surface  levels,  it  would 
have  saved  a  few  liunHrt'd  thousand  which  have  been  sunk  in  dry 
boles. 

Topography  of  ttik  Main  Indiana  Oil  Field. — The  surface  of 
the  main  area  now  yielding  Trenton  Hock  oil  in  Indiana  was  origi- 
nally one  great  plain,  with  only  occasional  small  undulations  to  break 
its  monotony.  This  plain  has  been  eroded  in  many  places  by  the 
streams,  which  in  the  past  have  l)e(»n  much  larger  than  at  present. 
Wherever  blufVs  or  hills  arc  found  they  ar(*  but  the  results  of  such 
erosion.  Bui  few  outcrops  of  rock  occur  within  the  oil  field,  and  they 
are  fouiul  only  along  tiie  streams  where  the  water  has  eroded  deep 
channels  through  the  drift  and  bowlder  clay,  everywhere  covering 
(he  oil  territory  to  a  depth  of  from  .")()  to  "-^."iO  f(»et.  These  outcrops 
belong  to  the  Niagara  grou])  of  the  Upper  Silurian  Period. 

The  formations  passcMl  through  by  thi*  drill  in  all  ])arts  of  the 
field  before  the  Trenton  limestone  is  reached  are,  therefore,  as  fol- 
lows: Drift:  Niagara  limestone:  Hudson  Hiver  limestone;  Utica 
sliale.  In  the  eastern  half  of  the  (leld  an  average  section  showing  the 
thickness  of  eaeh  formation  ])assed  tlnvuigh  would  he  about  as  fol- 
ic ws: 
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1.  Drltt  125  feet. 

2.  Niagara  llmestoup  150  feet. 

X  HuAhod  lllTor  llmeBtone..  425  feet. 

4.  nUca  shale   300  feet. 

In   ttic  western   portion   of  the 
ficlil  the  average  hnre  shows: 

1.  Drift  175  feet. 

2.  Niagara  ilmefitoiie 225  feet. 

3.  Hu<1iion  Klrer  limeBtone..  380  feet. 

4.  Utica  shale 200  feet. 

Throughout  tlio  Indiana  field  an 
eight  or  ten-inch  drive  pipe  is 
forced  down  tliroiigh  thi'  drift  to 
the  Niagara  limestone.  The  salt 
water  usually  found  in  the  Niagara 
is  i-ascd  off  l)y  an  iron  tube  5| 
or  6:J  inches  in  diameter,  whii'h 
reaches  to  the  soft  blue  HutUoii 
River  limestone  underlying  the  Ni- 
agara. This  second  limestone  and 
the  Utica  shale  beneath  it  contain 
no  water.  The  Trenton  is  every- 
where overlain  with  the  soft,  dark 
colored  Utica  shaic  which  forms  an 
r  through  which  neither  gas  nor  i 
s  at  onct 
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impervious  cover  through  which  neither  gas  nor  oil  can  escape.  From 
the  bottom  of  this  shale  the  drill  passes  at  once  Into  the  hard  crust 
of  the  Trenton  lirnet=tone.  Two  "pay  streaks"  or  porous  layers  are 
usually  found  in  the  Trenton,  and  it  is  only  in  them  that  oil  occurs. 
The  first  or  upper  one  is  usually  l.">  to  3i5  feet  below  the  top  of  the 
Trenton;  the  oliier  is  15  to  25  feet  below  the  bottom  of  the  first. 
While  the  Trenton  rock  in  Indiana  varies  in  known  thickness  from 
-170  lo  TiKG  feet  the  [lorous  portions  containing  oil  are  found  only 
in  its  upper  fourth.  Jt  has  been  found  useless  U>  drill  into  the 
Trenton  more  tliau  TO  feet,  since  of  the  10,000  and  more  bores 
which  have  lieen  jiut  down  in  the  State,  but  three  or  four  have  found 
oil  or  gas  below  that  depth. 

Salt  Watkk. — More  or  less  salt  water  is  always  found  in  the 
Niafiura  limestone,  and  is  sliiit  (ilT  by  the  casing  put  down  through 
that  fiiniiation.  Salt  water  also  occurs  in  the  Trenton  rock  in  all 
portions  of  the  Indiana  field.  "L'sually  a  diiTerence  of  only  six  to 
10  feet  in  the  elevation  or  depression  of  the  surface  of  the  Trenton 
defines  oil  and  salt  water  territory.     If  the  well  has  been  located 
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low  or  lower  than  elsewhere  in  the  eastern  United  States  for  the 
following  reasons:  (a)  The  wells  are  comparatively  shallow,  the 
Trenton  limestone  in  most  instances  being  struck  at  less  than  1,000 
feet,  (b)  It  is  seldom  that  more  than  150  feet  of  drive  pipe  and  100 
feet  of  casing  are  necessary,  (c)  On  account  of  a  comparalively  level 
surface  a  large  number  of  wells  can  be  connect<»d  to  and  pumped  with 
one  power,  (d)  Gas  for  fuel  or  for  running  gas  engines  is  usually 
plentiful,  (e)  Transportation  facilities  are  excellent,  a  systxim  of 
pipe  lines  permeating  all  parls  of  ihc  main  field. 

According  to  so'me  of  tlie  leading  operators,  it  costs  50  cents  a 
barrel  to  produce  oil  on  the  average  lease  in  the  main  Indiana  field. 
Whatever  is  received  above  that  sum  is  net  profit.  If  the  lease  is 
small  the  cost  is  much  greater  in  proportion.  Oil  at  90  cents  brings 
a  good  price  and  a  fair  profit.  When  the  price  rises  above  the  dollar 
mark,  many  operators  (?laim  that  it  increases  the  cost  of  production 
in  the  following  ways:  The  price  of  supplies  is  usually  made  higher; 
an  increase  in  the  wages  of  drillers  and  pumpers  is  likely  to  be  de- 
manded; there  is  too  much  competition  and  too  great  a  scramble  for 
territory;  the  land  owners  demand  a  higher  royalty  and,  in  many 
instances,  a  large  bonus;  too  much  wild-catting  is  done  and  the  per- 
centage of  dry  holes  is  thereby  greatly  increased;  the  stock  of  oil 
in  storage  is  increased  too  rapidly.  All  of  these  things  bring  in  time 
a  reaction  which  erases  the  i)rice  to  fall  too  low,  and  for  a  year  or 
two  many  of  the  o])erators  ]>roduce  at  a  l(>ss,  or  a  very  small  profit. 

Whatever  the  ])rice,  the  ])rolits  will  (lc]K*n(i  largely  upon  the  v  ^ 
the  property  is  managed.  Success  as  an  oil  operator  depends  upon 
the  same  watchful  energy  as  brings  success  in  any  other  Imsiness. 
One's  pumps  should  be  kept  at  work  steadily  so  as  to  get  all  the  oil 
possible.  The  drilling  tools,  lead  pipes  and  pumping  machinery 
should  be  kept  in  good  repair.  In  average  territory  the  wells  should 
be  put  down  at  intervals  of  120.x()80  Wn^i,  which  will  bring  eight 
wells  on  each  80-acre  tract.  In  exe(»])tionally  good  territory,  10  bores 
can,  with  profit,  be  sunk  on  SO  acres,  bringing  them  551  feet. apart 
each  wav.  Above  all,  one  should  be  on  the  lookout  for  overflow 
and  leakage.  Much  of  what  would  otherwise  be  profit  in  oil  property 
is  allowed  to  go  to  wa^te.  Finally,  if  the  property  is  inside  the  limits 
of  productive  territory,  the  successful  oil  man  is  he  who  lets  other 
people  do  the  wild-catting,  and  who  follows  where  they  lead. 

THE  MAIN  INDIANA  OIL  FIELD  IN  1900. 

No  great  strikes  were  made  in  the  main  Indiana  oil  field  in  1900, 
but  new  developments  increased  the  area  of  the  field  so  that  it  now 
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extends  from  the  Ohio-Indiana  State  line  westward  to  Marion,  Qrant 
County,  and  from  Warren,  Huntington  County,  south  to  Hartford 
City,  Blackford  County.  The  greatest  length  of  the  field  is  about 
45  miles  and  its  extreme  width  about  20  miles.  There  are,  however, 
a  large  number  of  sections  within  the  area  thus  bounded  which  have 
not  been  fully  tested.  A  map  showing  the  exact  area  tested  up  to 
January  1st,  1897,  with  details  of  the  results  of  the  tests  to  that 
date,  was  published  in  the  Twenty-first  (1896)  report  of  this  Depart- 
ment. This  map,  enlarged  and  modified  so  as  to  show  the  field  as  it 
was  on  January  1,  1901,  is  published  in  connection  with  the  present 
paper. 

DEVKLorMENTs  IN  Adams  County  IN  1900. — During  the  year  a 
number  of  good  producing  wells  were  drilled  in  in  Wabash,  Blue 
Creek  and  Jofferson  townships,  Adams  County.  These  extended 
the  known  productive  territory  from  its  eastern  limit  in  sections  29 
and  32,  Wabash  Township,  as  shown  on  the  map  of  1896,  to  the 
State  line. 

In  the  southwest  corner  of  Blue  Creek  Township  and  in  the  ad- 
joining township  of  Mercer  County,  Ohio,  is  the  so-called  "Dudgeon 
Pool,"  which  was  first  opened  in  the  fall  of  1899.  A  number  of 
new  bores  were  put  down  in  1900,  the  best  of  which  were  on  tha 
Fisher  lease.  Four  of  them  were  large  salt  water  wells,  each  of 
which,  for  a  time,  brought  in  50  barrels  and  more  of  oil  per  day. 
In  Deceinber  there  were  about  18  wells  producing  in  sections  22,  27 
and  31,  Bhie  Creek  Township.  Some  of  them  were  quit^j  small  and 
the  U)U\]  ])roduction  of  the  18  was  about  200' barrels  daily.  In  the 
southwest  quarter  of  section  29  and  the  northwest  of  section  32, 
several  small  wells  liave  been  <1  rilled  ])y  the  Superior  Oil  Company. 
The  \np  of  the  Trenton  is  here  found  at  about  1,075  feet.  Some  of 
the  wells  yield  »ras  eno\i*j:h  to  run  boiler  and  gas  engines. 

The  best  wells  of  the  season  in  Blue  Creek  Township  were  on  the 
Rawlev  \-  Tunibleson  leases  in  section  31.  Thev  were  drilled  in  in 
October  and  December.  The  Xo.  2  Rawlev  on  the  northeast  corner 
of  the  southwest  quarter  of  the  section  was  finished  October  Ist,  and 
ilowed  natural,  without  shooting,  210  barrels  per  day  for  the  first 
tive  davs.  and  180  barrels  per  dav  for  the  next  week.     Tt  vielded  no 

»  ft  ft.  k 

water  and  just  gas  enough  to  cause  it  to  How.    The  record  of  its  bore 
is  as  follows: 

Drive  pipe 114  feet. 

Casing 370  feet. 

Top  of  Trenton 1,059  feet. 

Total  ilepth 1.108  feet. 

The  Tumbleson  well,  a  few  hundred  feet  north,  was  a  big  salt 
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water  well  when  first  finished,  but  in  about  a  week  began  to  produce 
oil,  and  made  700  barrels  in  27  hours.  A  bore  on  the  Studebaker 
farm,  600  feet  north  and  600  east,  of  the  No.  2  Eawley,  was  a  dry 
hole.  This  is  a  good  example  of  the  uncertainty  of  oil  operations  in 
Indiana  Trenton  rock,  even  in  the  best  productive  territory. 

North  of  New  Corydon,  in  sections  19,  29  and  30,  and  the  north 
half  of  sections  31  and  32,  JeflEerson  Township,  some  wells  were 
sunk  in  1900  which  started  in  as  fine  producers,  some  of  them  yield- 
ing 80  to  100  barrels  daily.  In  a  few  of  them  three  pay  streaks 
were  found,  the  first  between  18  and  25  feet  in  Trenton;  the  second 
between  30  and  35  feet  in,  and  the  third  between  40  and  50  feet. 
The  top  of  Trenton  is  found  in  this  locality  at  about  1,080  feet.  The 
wells  yield  quite  a  quantity  of  gas  and  pump  but  little  water.  A  dry 
hole  was  bored  in  section  21.  The  north  half  of  the  township  has  not 
as  yet  been  tested. 

A  number  of  good  wells  were  put  down  in  the  spring  of  1900  just 
west  of  Geneva,  in  the  west  half  of  section  29,  Wabash  Township. 
Some  of  them  started  in  at  150  barrels  daily.  The  so-called  •lob- 
lolly,"* or  bed  of  an  old  preglacial  stream,  runs  through  the  center 
of  this  section,  making  necessary  400  feet  of  drive  pipe  in  some  of 
the  bores.  The  average  distance  to  the  top  of  Trenton  is  here  987 
feet.    East  of  Geneva  in  section  28  and  the  west  half  of  section  27, 

10  bores  had  been  put  down  up  to  November  1st.  No  dry  holes  had 
been  found,  and  the  wells  were  averaging  10  to  12  barrels  each  per 
day.  In  a  few  of  the  wells  which  started  at  50  to  CO  barrels  the  pay 
streaks  were  very  porous  and  contained  much  pyrites.  In  the  north- 
west quarter  of  section  26,  Wabash  Township,  a  bore  on  the  Chris- 
man  farm  resulted  in  much  gas  and  little  oil.  The  top  of  Trenton 
was  struck  at  1,021  feet,  while  the  drift  was  but  54  feet  thick.  Some 
good  wells  were  sunk  in  the  north  half  of  sections  32  and  33,  where 
the  "sand"  was  found  at  a  depth  of  989  foot.  A  small  producer  in  the 
northeast  quarter  of  section  35  was  the  only  other  bore  in  the  south 
half  of  the  township. 

In  the  north  half,  in  sections  8,  9,  16,  17,  20  and  21,  the  Main 
Oil  Co.  has  a  tract  of  1,300  acres  under  lease  on  which  seven  bores 
were  put  down  in  1900.  The  average  distance  to  the  top  of  Trenton 
was  1,035  feet,  and  the  average  initial  production  about  30  barrels 
per  well.  One  bore,  in  the  north  half  of  section  21,  yiehhul  ^as  only. 
The  northernmost  of  the  ])rodu(>tive  wt,'lls  is  about  one  and  one-half 
miles  south  of  Berne.    A  dry  hole  in  the  northeast  quarter  of  section 

11  stopped  operations  to  the  eastward  in  this  township. 

^For  an  account  of  thii  old  channel  see  2l8t  Ann.  Rep.  Dep.  Gool.and  Nat.  R«8.  of  Ind., 
1896,  p.  66. 
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There  is  little  doubt  but  that  much  of  the  undrilled  territory  east 
of  Geneva  and  within  the  bounds  of  the  field  shown  on  the  map  will, 
in  the  future,  be  found  productive  of  oil.  When  it  is  fairly  opened 
up,  the  long  sought  for  gap  between  the  Ohio  and  Indiana  Trenton 
oil  fields  will  have  been  filled,  and  the  entire  producing  area  of  both 
States  will  go  down  in  history  as  one  of  the  largest  and  most  produc- 
tive oil  fields  hitherto  known  to  man. 

Developments  in  Jay  County  in  1900. — During  1899  and  1900 
all  the  wells  east  of  the  6.  E.  &  I.  Railway,  in  Jay  County,  in  the 
ierritory  marked  light  producing  on  the  former  map,  were  aban- 
doned. Some  fairly  productive  wells  were  sunk  in  the  north  half  of 
sections  5  and  6,  Bear  Creek  Township,  and  a  number  of  good  ones 
were  drilled  in  section  7.  This  section  was,  however,  already  con- 
sidered good  territory. 

In  the  northern  lialf  of  Jackson  Township  but  few  new  develop- 
ments are  to  be  noted.  A  dozen  or  more  good  wells  have  been  drilled 
in  each  of  sections  11  and  12  since  the  first  map  was  published.  This 
territory  has  held  up  well,  the  annual  loss  in  production  being  small. 
The  north  half  of  section  8  has  recently  proven  quite  productive 
and  a  good  well  or  two  has  been  sunk  in  the  southwest  quarter  of 
section  10.  The  whole  of  section  15  has  been  abandoned,  the  few 
wells  therein  not  paying  for  pumping.  Three  fair  producing  bores 
were  put  down  in  1899  and  1900,  in  the  northeast  quarter  of  section 
33,  the  Trenton  being  struck  at  about  1,000  feet  and  the  production 
starting  out  at  an  average  of  50  barrels.  A  light  producer  was  also 
sunk  near  the  center  of  section  35,  but,  on  account  of  lack  of  pipe 
lines,  has  not  been  pumped. 

In  Greene  Township,  three  bores  in  the  north  half  of  section  8  and 
two  in  the  southeast  quarter  of  section  17,  drilled  for  gas,  produced 
on  an  average  of  two  barrels  of  oil  per  day  until  they  were  capped  in. 
The  Trenton  was  struck  at  about  940  feet,  the  thickness  of  drift 
being  about  90  feet.  Good  gas  wells  have  been  sunk  in  sections  18, 
19  and  20  adjoining  section  17;  also  in  the  northeast  quarter  of  sec- 
tion 26,  southeast  quarter  of  section  28,  southwest  quarter  of  section 
32  and  northwest  quarter  of  section  34. 

In  Penn  Township  but  few  changes  are  necessary  in  the  old  map. 
Several  light  wells  have  been  sunk  in  the  southwest  quarter  of  sec- 
tion 3.  Some  dry  holes  have  been  drilled  in  the  northeast  quarter  of 
section  21,  and  oil  has  drowned  out  the  gas  in  a  number  of  wells 
in  the  east  half  of  section  22  and  the  north  half  of  section  27.  In 
the  latter  locality  the  tubing  from  wells  formerly  producing  one  and 
one-half  million  cubic  feet  of  gas  daily  was  pulled  out  and  the  bores 
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sunk  deeper,  when  the  wells  started  out  at  160  barrels  of  oil  daily. 
The  famous  Gardner  pool,  in  sections  24  and  25  Penn  and  19  and  30 
Jackson  townships,*  is  still  producing  large  quantities  of  oil. 

A  small  pool  which  for  a  short  time  created  much  excitement  was 
opened  up  by  the  Davenport  Oil  Co.  on  the  northwest  quarter  of 
section  28,  Penn  Township,  in  the  first  half  of  1900.  Five  wells  were 
drilled,  the  average  record  of  the  bores  being  as  follows: 

Drive  pipe 19(5  feet. 

Casing 315  feet. 

Trenton  »truc*Ii  nt 945  feet. 

Total  depth  1,030  feet. 

Bore  No.  1  started  at  180  barrels  daily,  but  on  November  Ist  had 
fallen  to  six  barrels.  No.  2  made  20  barrels  a  day  for  30  days,  then 
fell  to  three  barrels  and  was  abandoned.  No.  3  started  at  240  barrels 
and  after  yielding  30  tanks  became  dry.    Nos.  4  and  6  were  dry  holes. 

The  Salamonie  Oil  Co.,  in  April,  1900,  bought  the  leases  on  440 
acres  adjoining  the  above  pool  in  sections  28,  29  and  32.  Ten  wells, 
making  a  total  of  160  barrels  daily,  were  being  operated  when  the 
property  was  bought,  the  price  paid  being  $40,000.  During  the  year 
the  new  company  put  down  three  bores.  One,  a  dry  gas  well,  was  on 
the  northeast  of  section  32.  In  it  Trenton  was  struck  at  927  feet. 
A  dry  hole  was  sunk  on  the  northwest  quarter  of  the  southwest 
quarter  of  section  28;  while  the  third  yielded  only  a  small  amount  of 
oil.  Between  April  1st  and  November  1st,  $20,000  worth  of  oil  was 
produced  on  the  lease  and  the  ])roperty  on  November  1st  was  yield- 
ing 75  barrels  daily. 

Much  of  the  present  gas  ])roducing  territory  in  Penn,  Knox  and 
CiTeeno  townships.  Jay  County,  will  in  future  become  productive  of 
oil,  and  a  light  producing  field  will  result.  Where  the  Trenton  lies 
10  to  20  feet  lower  than  in  the  area  at  present  yielding  gas,  oil  will 
be  found  in  large  quantities.  Many  of  the  gas  wells  can,  and  doubt- 
less will  be  drilled  deeper,  a  large  o\itput  of  oil  resulting. 

Dkvelopmkxts  in  Wells  CorNTV  in  1900.  —  In  Xottinghani 
Township,  where  tlie  first  paying  wells  in  th(^  Indiana  lit'ld  were 
sunk  in  1891,  numerous  bores  have  in  recent  years  ])een  ])iii  down  on 
territory  already  regarded  as  ''goof1.''  Tlie  productiv(*  territory 
mapped  in  lS9i>  has  not  been  enlarged  to  any  extent,  but  has  held 
\ip  exceedingly  well.  The  Brookhart  farm  of  IfiO  acres  on  section  31, 
of  which  especial  mention  was  made  in  the  form(»r  report,  had,  up  to 
.Tanuarv  1,  1900,  vielded  tlie  owner  $18,000  on  one-eighth   rovaltv. 


*  See  p.  67, 21ft  Add.  Rep. 
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and  wa8  still  producing  about  400  barrels  a  month.  On  it  15  wells 
have  been  sunk,  but  one  of  which  has  been  abandoned.  A  new  bore 
on  the  Cor}'  lease  in  section  27,  within  600  feet  of  the  first  well, 
started  in  May,  lUOO,  at  200  })arrel8;  a  bore  with  an  equal  initial  out- 
put was  drilled  in  about  the  same  time  on  the  Scott  lease  in  section 
«iO.  In  the  words  of  one  prominent  operator,  "Nottingham  and  Jack- 
son townships,  Wells  County,  have  proven  the  best  territory  for  small 
operators  in  the  State.  Iliey  contain  a  large  number  of  small  pro- 
ducing wells  which  have  held  out  in  a  remarkable  manner." 

In  Chester  Townshij)  all  of  section  5  has  developed  into  fair  pro- 
ducing territory,  while  the  north  half  of  section  6  has  proven  good. 
Some  fair  wells  have  been  drilled  in  the  south  half  of  sections  9 
and  10.  On  the  M.  Quill  farm  in  the  southwest  of  section  10  the 
record  of  bore  No.  1  was  as  follows: 

Drive  pipe 52  feet. 

CasliiK 330  feet. 

Top  of  Trenton 1)08  feet. 

Total  depth  I,0:i5  feet. 

When  started  it  threw  a  solid  stream  of  oil  40  feet  above  the  derrick, 
but  soon  dropped  to  a  five  barrel  well.  No.  2,  (>0(|  feet  east,  started 
in  at  30  barrels;  while  a  bore  finished  about  the  same  time  600  feet 
south  on  the  Kennedy  farm,  section  IT),  started  at  130  barrels.  The 
north  half  of  section  15  and  the  northeast  <|uarter  of  section  16  have 
jiroduced  some  other  good  wells,  and  may  now  be  classed  as  good 
territory.  Section  28,  undeveloped  on  the  former  map,  has  become 
a  fair  producer.  A  number  of  wells  were  put  down  in  other  sections 
of  Chester  Township  in  1900,  but  their  out}mt  made  no  necessary 
cliaugc  in  the  map  as  formerly  ])resented. 

In  Liberty  Township  only  sections  28,  31,  32  and  33  in  the  south- 
west corner  have  produced  oil  in  commercial  quantity.  On  the 
southwest  rjuarter  of  section  32  the  Hunt  Oil  Co.  put  down  six  bores, 
two  of  which  resulted  in  a  good  yield,  the  other  four  being  light. 
The  average  record  of  these  bores  was  about  as  follows: 

Drive  pipe  07  feet. 

Casing 390  feet. 

Top  of  Trenton 1,006  feet. 

First  pay  streak 1,015  feet. 

Total  depth 1,040  feet. 

The  best  of  the  wells  on  the  Kingan  lease  started  June  28th  at  130 
barrels,  but  by  October  15th  the  output  had  fallen  to  30  barrels 
daily,    "llie  top  of  Trenton  in  the  southeast  quarter  of  the  section  is 
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found  at  about  1,027  feet,  and  the  wells  produce  much  salt  water. 
Bores  on  the  southwest  quarter  of  section  28  and  the  northwest 
quarter  of  section  33  have  resulted  in  a  few  light  producing  wells, 
the  initial  output  running  from  five  to  25  barrels.  The  south  half  of 
section  31  is  fair  territory  but  the  north  half  has  as  yet  proven  light. 
It  is  not  likely  that  much  productive  territory  will  be  found  farther 
north  and  east  in  this  township. 

Jackson  Township,  Wells  County,  has  slowly  developed  into  one  of 
the  most  reliable  productive  areas  of  the  main  Indiana  field.  More 
changes  are  made  necessary  on  the  new  map  in  this  township  than  on 
any  other  equal  area  of  the  field.  The  north  half  of  section  4  and 
all  of  sections  3  and  5  have  proven  productive,  but  the  yield  is,  in 
general,  light.  The  west  half  of  section  14,  and  sections  15,  16  and 
17,  have  yielded  fair  producing  wells.  The  undrilled  portion  of 
section  24  shown  on  the  other  map  has  proven  quite'  productive 
and  sections  23,  26  and  36  have  yielded  more  oil  than  the  bores  put 
down  previous  to  1897  promised.  The  undrilled  portions  of  sections 
19,  29  and  30  have  also  been  developed  suflSciently  to  be  classified  as 
designated  on  the  map. 

One  of  the  best  wells  of  the  township  is  on  the  Byall  farm  on  the 
east  half  of  section  28  .  It  is  a  "crevice"  or  salt  water  well  put  down 
in  1896  by  the  Slater  Oil  Co.  The  first  year  it  did  not  pay  expenses 
but  since  then  has  averaged  12  barrels  a  day  of  oil  and  700  barrels  of 
salt  water.  Experience  has  well  proven  that  it  pays  to  hold  on  and 
keep  pumping  those  big  salt  water  wells,  even  though  the  first  year 
or  two's  output  is  small.  On  the  whole,  the  prophecy  made  in  1896, 
"that  in  Jackson  Township  there  was  much  territory  which  had  been 
condemned  by  dry  holes,  which  with  a  fair  test  might  prove  produc- 
tive," has  proven  true.  The  tests  were  made  and  the  output  has  well 
repaid  the  venture.  It  is  always  safer  to  work  the  undrilled  portions 
of  such  a  township  as  Jackson,  which  lies  within  the  limits  of  known 
productive  territory,  than  to  "Svild-cat"  on  the  outside  of  such 
limits. 

Developments  in  Huntington  County  in  1900. — The  most  im- 
portant extensions  on  the  north  side  of  the  main  Indiana  field  in 
1900  were  made  in  the  vicinity  of  Warren,  Salamonie  Township, 
Huntington  County.  One  or  two  bores  which  developed  only  salt 
water  were,  in  the  early  history  of  the  field,  put  down  to  a  shallow 
depth  in  the  Trenton.  These  stopped  the  drilling  in  the  southwest 
comer  of  the  township  though  the  conditions  seemed  favorable  for 
a  fairly  productive  field  and  in  my  report  for  1896  it  was  stated  that 
"there  is  no  reason  why  oil  should  not  be  found  in  the  territory 
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about  Warren."  Some  of  the  citizens  of  that  town  finally  decided 
to  make  more  thorough  tests  and,  organizing  the  Warren  Oil  Co. 
and  securing  leases  on  nearly  2,000  acres,  they  drilled  in  their  first 
well  in  January,  1900,  on  the  Jones  farm,  south  half  of  section  19, 
just  west  of  the  town  limits.  The  well  proved  a  success,  the  initial 
output  when  put  to  pumping  being  60  barrels  daily.  As  the  well 
was  two  miles  north  of  known  productive  territory  it  created  no  little 
excitement.  A  second  bore,  600  feet  west,  started  in  at  40  barrels. 
After  the  second  well  came  in  as  a  fair  producer,  the  company  having 
accomplished  its  purpose  of  proving  the  presence  or  absence  of  oil, 
sohl  the  two  wells  and  500  acres  of  leases  west  of  the  Salamonie 
River  to  Booth  Bros,  for  $13,000.  During  the  year  the  new  owners 
sunk  four  additional  bores,  all  of  whidi  were  fairly  productive.  An 
average  record  of  the  bores  was  about  as  follows: 

Drive  pipe 40  feet. 

Casing 415  feet. 

Top  of  Trenton 970  feet. 

Total  depth 1,010  feet. 

On  October  20  the  six  wells  were  averaging  about  five  barrels  each. 

In  addition  to  the  wells  on  the  Jones  lease,  the  Warren  Oil  Co., 
during  the  first  half  of  1900,  put  down  five  bores  east  of  the  Sala- 
monie on  the  northeast  quarter  of  section  19.  These  proved  success- 
ful, and  they  sold  the  wells  and  1,500  acres  of  territorv  to  McCormick 
&  Co.,  in  August  for  $13,500.  The  wells  had  an  average  initial 
output  of  about  30  barrels  each  j)er  day  for  the  first  week;  and  on 
November  1st  the  six  were  makin<r  a  total  of  30  barrels  dailv.  The 
best  of  the  six  was  No.  2,  J.  11.  Thompson,  in  which  the  Trenton 
was  found  at  977  feet.  Three  other  wells  were  put  down  by  the 
rium  Tree  Oil  Co.  on  section  19,  close  to  the  river  bank,  one  of  which 
st^irted  at  50  barrels. 

The  oil  bearing  Trenton  about  Warren  is  said  to  be  rather  solid 
and  flinty  and  is  not  shattered  as  much  by  shooting  as  is  more  porous 
limestone.  Tt  is  void  of  gas  and,  as  in  most  other  localities  in  the 
Indiana  field,  bears  some  pyrite,  especially  in  the  upper  pay  streak. 
The  shooting  is  done  with  80  to  100  quarts  of  nitroglycerine,  a  less 
quantity  than  is  generally  used  on  account  of  the  thinness  of  the 
pay  streak  and  the  shallow  depth  (about  35  feet)  the  bores  are  sunk 
into  the  Trenton. 

Besides  the  wells  above  mentioned  a  dry  hole  was  sunk  on  the 
S.  L.  Good  farm  in  the  northwest  of  section  20,  and  another,  one 
mile  south  of  Plum  Tree  P.  0.,  in  section  9,  where  the  Trenton  was 

32— Gool. 
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found  as  low  as  1,020  feet.  These  stopped  further  search  in  that 
direction  as  a  dry  hole  had  also  been  sunk  between  the  two  prior  to 
1900. 

Aside  from  the  developments  about  Warren,  the  only  portion  of 
Salamonie  Township  producing  oil  is  comprised  in  the  two  southern 
tiers  of  sections.  Immediately  south  of  Warren,  a  dry  hole  was 
drilled  on  the  northwest  quarter  of  section  29  and  another  on  the 
north  half  of  32,  which  has  practically  condemned  those  sections. 
No  drilling  has  been  done  on  section  30,  but  the  southwest  of  31 
has  produced  some  fair  wells.  Several  bores  in  section  28  have 
proven  barren;  while  33  is  as  yet  untested.  In  section  27  some  light 
producing  wells  have  been  sunk,  while  26,  to  the  east,  has  some 
better  ones,  especially  on  its  eastern  half.  Sections  25,  35  and  36 
can  be  classed  as  fair  to  good.  The  Jonathan  and  Adam  Faust  farm 
of  110  acres  in  the  southeast  quarter  of  section  35  had  yielded,  up  to 
October  1,  1900,  65,100  barrels,  of  which  the  owners  received  one- 
seventh  as  their  royalty.  The  south  half  of  34  has  also  produced 
some  fair  wells. 

In  Jefferson  Township  the  limits  of  the  producing  territory  have 
not  been  extended  much  farther  north  than  shown  on  the  map  of 
1896,  but  many  of  the  gaps  th(»n  undrilled  in  the  two  southern  tiers 
of  sections  have  proven  ])roductive.  Above  these  tiers  the  only 
drilling  which  has  been  done  is  as  follows:  A  dry  hole  which  found 
top  of  Trent  on  at  076  feet  was  sunk  (m  the  J.  &  W.  Brown  farm, 
northeast  quarter  of  section  13.  A  good  strike  was  made  a  number 
of  years  ago  on  the  Weaver  lease*  near  the  center  of  section  21,  but 
Tor  some  reason  the  surrounding  area  has  not  been  properly  tested. 
Two  bores  which  resulted  only  in  a  showing  of  oil  were  sunk  on 
the  H.  Bowen  farm,  northeast  quarter  of  section  19,  but  were  soon 
abandoned.  No  drilling  has  been  doiu'  in  the  county  west  of  Pleasant 
Plains.  In  section  25  drilling  has  resulted  in  several  dry  holes  and 
light  wells  while  the  south  half  of  26  is  light.  The  production  in  27 
and  28  is  only  in  the  soutli  halves  and  is  fair.  The  south  half  of 
section  29  is  light  to  fair  producing  territory,  the  top  of  "^IVenton  run- 
ning about  1,000  feet. 

Only  the  southeast  quarter  of  section  30  has  been  drilled,  a  few 
fair  producing  wells  resulting.  Section  31  remains  as  before  while 
32  has  proven  light  over  practically  all  its  area.  The  best  section  in 
the  township  is  33,  most  of  the  wells  starting  at  75  to  100  barrels 
and  falling  to  20  barrels  in  a  month,  10  barrels  in  six  months,  and 


*See  p.  80, 2l8t  (1^)6)  Report  of  this  Department. 
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five  barrels  in  a  year.    An  average  record  of  the  bores  on  this  section 
k  about  as  follows: 

Drive  pipe 200  feet. 

Casing 450  feet. 

Top  of  Trenton 1,005  feet. 

Total   depth    1,055  feet. 

The  remaining  sections  of  the  lower  tier  run  about  as  marked  on 
the  previous  map,  all  being  light  to  fair  producers.  Southern  Wayne 
Township  may  produce  some  fair  wells  in  the  future,  but  the  chances 
are  that  elsewhere  the  limits  of  productive  territory  in  Huntington 
(■ounlv  have  been  well  defined. 

Dkvklopmknts  in  Grant  County  jn  1900. — In  Grant  County 
the  most  important  developments  in  1900  were  just  southeast  of 
Marion,  where  a  new  pool,  seven  miles  from  other  producing  wells, 
was  0})ened  up  in  January.  ITiis  was  in  gas  territory,  and  some 
of  the  wells  put  down  especially  for  oil  have  yielded  much  gas.  The 
first  bore  to  yield  oil  in  quantity  was  on  the  J.  II.  Wiggcr  farm, 
{southeast  quarter  section  16,  which  started  in  at  about  60  barrels 
and  on  October  loth  was  still  yielding  eight  barrels  daily.  No.  2, 
which  started  in  as  a  big  gas  well,  was  closed  down  and  a  separator 
put  on,  the  gas  being  piped  to  the  Marion  Brick  Works.  In  October 
this  well  was  producing  12  barrels  of  oil.  Nos.  3  and  4,  drilled  later, 
|>ro(iuced  much  gas  and  little  oil,  while  No.  T)  was  a  fair  oil  well. 

Two  old  gas  wells  on  the  Van  Vactor  farm  in  the  north  half  of 
the  same  quarter  section  were  cleaned  out  and  shot,  when  a  good 
show  of  oil  resulted:  the  gas  yield  being  only  sulficient  to  furnish 
fiu'l  for  |)uiii])ing  the  two  wells.  I'he  success  of  these  wells  on  the 
Van  N'actor  and  Wigger  leases  caused  many  new  bores  to  l)e  sunk  in 
the  territory  from  which  most  of  the  gas  had  been  drained,  and  also 
much  activity  in  real  estate  transactions.  The  Ohio  Oil  Co.  paid 
$12,000  for  112  acres  along  the  Mississinewa  just  north  of  the  Van 
A'actor  lease,  and  a  number  of  gas  companies,  which  held  most  of  the 
surrounding  territory,  began  to  prospect  for  oil.  Two  bores  on  the 
M.  J.  Grifhth  farm,  northeast  of  section  21,  just  south  of  Wigger's, 
came  in  as  drv  holes.  One  on  the  L.  Schwartz  farm,  southwest  of 
section  15,  was  a  small  producer. 

One  mile  south  of  the  Wigger  lease  on  the  west  side  of  the  County 
Infirmary  and  adjacent  lands  the  Ohio  Oil  Co.  drilled  seven  wells  east 
of  tin*  Mississinewa  and  three  west  during  the  summer.  Most  of 
thi'Si'  came  in  as  fair  producers,  starting  at  25  to  40  barrels  daily. 
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The  record  of  the  No.  1  Jones,  on  the  west  bank  of  the  river,  in  the 
extreme  southwest  corner  of  section  21,  was  as  follows: 

Drive  pipe 92  feet. 

Casing 381  feet. 

Top  of  Treuton 883  feet. 

Total  depth  98G  feet. 

Eight  or  ten  other  wells  were,  in  the  autumn,  drilled  in  on  the 
north  half  of  section  28,  Mill  Township.  Several  of  them  produced 
much  salt  water  with  the  oil,  and  were  pumped  from  the  beam. 
Tnjnton  was  found  in  all  between  870  and  885  feet.  All  but  one 
were  fair  oil  producers,  but  were  pumped  under  dilliculty  as  they 
had  to  hold  back  30  to  50  ])0unds  pressure  of  gas  in  the  bores  and 
pump  without  loss.  One  or  two  had  to  be  closed  down  on  account  of. 
the  large  quantity  of  gas.  The  two  farthest  south  were  on  the 
Winslow  farm  and  started  in  at  about  30  barrels  each  per  day. 

On  the  James  Coulter  farm,  northeast  quarter  of  section  24,  about 
three  miles  east  of  the  Mississinewa  pool,  three  bores  were  put  down 
during  the  year,  all  of  which  produced  oil.  Two  previous  bores  had 
been  sunk  for  gas.    The  record  of  No.  5  was  as  follows: 

Drive  pipe 175  feet. 

Casing 427  feet. 

Top  of  Trentuii 1,020  feet. 

First  pay  streak 1.040  feet. 

Total  (ieptli  1,058  feet. 

Initial  production 30  barrels. 

On  the  Nelson  farm,  just  north  in  the  southeast  quarter  of  section 
13,  two  dry  holes  were  drilled.  One  made  a  good  showing  of  oil,  but 
soon  exhausted  when  put  to  pumping.  By  the  first  of  January,  1901, 
the  daily  production  of  llie  35  producing  wells  southeast  of  Marion 
was  about  260  barrels;  and  was  slowly  increasing.  The  Indiana  Pipe 
Line  Co.  had  i)ut  in  a  field  station  on  the  AVigger  lease  and  had  pre- 
pared for  a  much  larger  output  which  is  sure  to  come,  a.s  soon  as  the 
gas  pressure  lowers  sufikiently  in  ihe  surrounding  territory  as  yet 
undrilled.  Thv  only  drilling  for  oil  in  CVnter  and  Mill  townships 
outside  of  liiose  mentioned  resulted  in  a  dry  hole  just  south  of 
Clarion  on  the  northwest  quarter  of  section  20,  and  two  bores  on  the 
Neal  and  Myers  farms,  sections  11  and  3,  in  the  north  part  of  Center 
Township,  which  yielded  much  gas  and  a  hirge  quantity  of  oil. 
Nothing  was  done  toward  developing  the  latter  on  account  of  the 
quantity  of  gas,  but  the  showing  is  sufficient  to  justify  the  belief 
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that  this  portion  of  the  township  will  also,  in  the  near  future,  be 
quite  productive  of  oil. 

In  Monroe  Township,  Grant  County,  just  east  of  the  developments 
above  mentioned,  an  old  gas  well  on  the  northwest  quarter  of  sec- 
tion 13,  which  had  showed  oil  for  some  time,  was  drilled  deeper  and 
began  producing  about  10  barrels  daily.  In  the  southeast  quarter  of 
section  25  on  the  east  line  of  the  same  township,  three  or  four  small 
producing  wells  have  also  been  drilled  in. 

Van  Buren  Township  has  heretofore  furnished  most  of  the  oil 
produced  in  Grant  County,  and  the  chances  are  that  it  will  continue 
to  do  so  for  some  time  to  come.  Many  new  bores  have  been  sunk 
since  the  former  map  was  issued  and  while  they  have  not  greatly  in- 
creased the  limits  of  productive  territory,  they  have  aided  materially 
in  filling  up  the  gaps  thereon  shown.  The  drilling  in  the  township  in 
1900  was  especially  active. 

The  north  half  of  section  1  has  proven  good  territory,  some  of 
the  wells  on  the  Conway  and  Barnes  leases  starting  in  at  80  to  100 
barrels  daily.  Sections  2  and  3  are  light  throughout,  though  their 
north  halves  have  not  yet  been  fairly  tested.  All  of  section  4  has 
become  fair  territory,  while  5  and  6  have  remained  good.  The  late 
bores  put  down  in  section  7  have  been  only  fair  producers.  The 
northeast  quarter  of  section  9  has  developed  some  fair  wells,  but 
otherwise  sections  8,  9,  10,  11,  12,  13,  14  and  15  remain  as  formerly 
designated.  Section  16,  which  was  formerly  regarded  as  barren 
except  on  its  southeast  quarter,  has  produced  some  fair  wells 
on  the  northwest  quarter.  All  of  section  17  and  most  of  18  may 
now  be  regarded  as  fairly  productive.  In  sections  19  and  20  the  only 
new  developments  are  in  the  southeast  quarter  of  20,  which  contains 
some  light  wells.  The  west  half  of  21  has  also  become  fairly  produc- 
tive; the  east  half  being  dry  or  undrilled.  Sections  22  and  23  remain 
good,  the  initial  yield  in  the  latter  being  generally  much  the  better. 
Sections  25,  26  and  27  have  developed  nothing  in  their  south  halves, 
the  north  halves  remaining  light.  The  north  half  of  section  28  has 
likewise  proven  light,  while  that  portion  of  29  drilled  is  light  or  dry. 
The  remaining  sections  along  the  south  line  of  the  township  have  not 
as  yet  been  tested,  but  will  probably  show  up  as  light  to  fair  territory 
as  soon  as  the  gas  pressure  is  sufficiently  lowered. 

Dkvelopments  in  Blackford  County  in  1900. — In  Blackford 
County  the  developments  which  have  increased  the  limits  of  the  pro- 
ductive territory  have  been  mainly  in  Washington  and  Licking  town- 
ships. Drilling  in  Harrison  Township  since  1897  has  made  necessary 
no  changes  on  the  map  issued  in  that  year. 
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In  Washington  Township,  the  southeast  quarter  of  section  6  has 
produced  some  fair  wells,  the  remaining  sections  of  the  tier  holding 
up  good  as  formerly  designated.  The  northeast  quarter  of  7  is 
good,  the  southeast  quarter  fair,  the  west  half  light.  All  of  sections 
8  and  9  have  developed  into  fair  territory.  In  9,  the  record  of  the 
average  bore  on  the  Kelly  and  Cunningham  leases  is  about  as  follows: 

Drive  pipe 185  feet. 

Casing 365  feet. 

Top  of  Trenton 1,008  feet. 

Total  depth  1,062  feet. 

Two  or  three  big  salt  water  wells  have  been  struck  which,  at  the 
end  of  six  months,  were  yielding  eight  to  10  barrels  of  oil  and  800 
barrels  of  salt  water  daily. 

Sections  10  to  14,  inclusive,  remain  as  shown  on  the  former  map, 
with  the  exception  of  the  north  half  of  11,  which  is  practically 
barren.  The  northeast  quarter  of  15  is  good,  the  top  of  Trenton  be- 
ing found  at  1,012  feet.  The  remainder  of  the  section  is  light.  In 
sections  16,  17,  18  and  19  some  important  developments  were  made 
in  1900.  All  of  16  and  the  south  half  of  17  is  light,  while  the  north 
half  of  17  and  all  of  18  and  19  is  fair.  Sections  20,  21  and  22  may 
be  classed  as  light,  the  wells  starting  in  at  five  to  30  barrels  each.  No 
drilling  resulting  in  oil  has  been  done  on  23,  24  and  25  since  the 
former  map,  while  that  d(me  on  2G,  27  and  28  has  resulted  only  in 
dr}^  holes  or  salt  water.  Section  29  is  light  to  fair  t^*rritory.  The 
^ood  results  of  holding  on  and  pumping  a  salt  water  well  for  months 
are  shown  in  a  well  on  the  Isaiah  Miller  lease,  northwest  of  29.  This 
was  drilled  in  in  April,  1899,  and  for  15  months  yielded  1,600  barrels 
of  salt  water  daily  and  but  little  or  no  oil.  On  September  1,  1900, 
it  ])egan  to  pump  oil,  and  between  then  and  January  1,  1901,  yielded 
an  average  of  seven  barrels  a  day.  In  this  bore  the  top  of  Trenton 
was  struck  at  1,021  feet,  and  the  total  depth  was  1,074  feet.  Section 
30  is  light  territory,  while  the  sections  of  the  lower  tier  in  the  town- 
ship are  as  yet  undrilled.  They  will,  bowever,  doubtless  yiold  more 
or  b'ss  oil  in  the  near  future. 

N 

Among  the  new  developments  in  the  Indiana  Trenton  rock  oil 
fields  in  1900,  those  in  the  vicinity  of  Hartford  City,  Linking  Town- 
shi]),  Mlackford  County,  take  a  high  rank.  A  good  showing  of  oil 
had,  in  1898  and  1899,  made  it**  appearaui^e  in  several  of  the  gas 
wells  near  that  city,  but  the  gas  pressure  was  too  strong  to  attempt 
to  develop  a  paying  oil  production.  By  September,  1900,  this  pres- 
sure had  decreased  so  much  that,  when  a  well  bored  for  gas  near  the 
northwest  edge  of  the  city  reached  the  porous  limestone  it  began  to 
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yield  oil  in  large  quantity.  It  was  located  on  the  northeast  quarter 
section  10  (23  north,  10  east)  and  drilled  in  on  September  IG.  The 
record  of  the  bore  was  as  follows: 

Drive  pipe 185  feet. 

Casing 300  feet. 

Top  of  Trenton ' 009  feet. 

Total  deptli  1,044  feet. 


Tlic  oil  bearing  stratum  was  21  feet  below  the  top  of  Trenton. 
The  production  was  about  200  barrels  during  the  first  36  hours. 
Kight  tanks  of  oil  were  produced  the  first  month.  On  October  23, 
the  outp\it  was  25  barrels  of  oil  and  about  100  barrels  of  salt  water 
dailv. 

The  usual  excitement  of  a  good  strike  in  new  territory  immediately 
followed.  In  a  fortnight,  seven  rigs  were  up,  six  of  them  being 
within  20  rods  of  the  first  ])roducer,  while  three  were  on  an 
area  75  feet  square.  The  second  well  finislied  was  on  the  Rapp 
lease,  southeast  quarter  of  section  3,  one-third  of  a  mile  northeast  of 
No.  1.  It  had  an  initial  output  of  200  barrels,  and  yielded  nmch  gas, 
f)ut  was  soon  down  to  a  40-barrel  producer.  The  others  close  to  the 
first  well  came  in  as  fair  producers,  yielding  from  20  to  100  barrels 
each  and  a  large  supply  of  gas.  In  those  producing  the  most  gas, 
the  Trenton  was  struck  "high"  or  at  a  depth  of  J)90  to  995  feet. 
Some  of  the  operators  had  much  trouble  in  securing  a  market  or 
other  lawful  use  for  the  gas,  and  several  of  the  wells  were  closed  for 
some  time  on  this  account.  The  two  pay  streaks  usually  found  were, 
in  most  of  the  bores  about  Hartford  City,  merged  into  one,  forming 
a  layer  20  or  more  feet  thick  of  solid  oil  producing  rock.  Several 
of  the  wells  which,  when  first  drilled,  promised  to  be  good  producers, 
after  shooting  yielded  gas  only.  By  November  15,  eight  producing 
wells  wert!  eompleted,  the  aggregate  yield  of  which  was  250  barrels 
daily.  On  December  1st,  15  bores  had  been  finished,  all  within  a 
radius  of  one  mile  of  the  first  well.  Six  of  these  had  been  closed 
down  on  account  of  too  strong  a  gas  pressure.  The  other  nine  were 
yielding  325  barrels  daily. 

By  the  first  of  January,  1901,  the  gas  pressure  had  gone  down  in  a 
number  of  the  wells  and  the  daily  yield  had  increased  to  450  barrels 
or  more.  In  one  well,  yielding  40  barrels  and  much  gas,  the  oil  yield 
was  increased  to  100  barrels  after  the  gas  pressure  disappeared. 
'Hiere  is  little  doubt  but  that  the  pool  will  increase  in  size  and  gradu- 
ally connect  with  that  to  the  north  and  northeast.    In  the  words  of  a 
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prominent  operator,  'Tlundreds  of  good  oil  wells  are  at  present  shut 
down  as  gas  wells  in  the  vicinty  of  Hartford  City.  They  have  for 
two  or  three  years  sho>*Ti  much  oil  and  yielded  little  gas,  but  nothing 
lias  been  said  about  it  by  the  owners  of  the  leases  on  which  they 
occur.  The  larger  gas  companies  are  quietly  leasing  all  the  prospec- 
tive oil  territory  they  can  get,  for  they  know  that  the  days  of  the  gas 
yield  are  few,  and  that  the  oil  is  sure  to  take  the  place  of  the  more 
volatile  fuel." 


ISOLATED  TRENTON  ROCK  OIL  PRODUCING  AREAS. 

Outside  of  the  main  oil  field  there  arc  in  Indiana  several  smaller 
areas  which  are  producing  petroleum  in  commercial  quantities  from 
the  Trenton  limestone.  Some  of  these,  as  those  near  Peru,  Broad 
Ripple  and  Alexandria  have  been  productive  since  ISOT.  Others,  as 
the  Parker,  Randolph  County  and  Fisher,  Hamilton  County  pools, 
were  developed  in  1900. 

The  Peru  Field  in  1900. — But  two  or  three  bores  were  put  down 
in  1900  in  the  Peru  field  proper  as  mapped  in  the  1897  report.  They 
were  small  producers,  starting  in  at  10  to  15  barrels.  Many  of  the 
old  wells  sunk  on  town  lots  have  been  abandoned.  Much  more  money 
was  expended  in  this  field  than  was  ever  gotten  out  of  it.  The  rock 
was  more  porous  than  at  any  other  locality  in  the  State  where  the 
Trenton  has  produced  oil.  As  a  result  the  stored  product  was  much 
sooner  exhausted,  the  production  quickly  dropping  from  100  to  200 
barrels  down  to  five  or  10.  The  out<.*ome  of  the  Peru  field  has  proven 
the  fallacy  of  many  small  companies  attempting  to  operate  success- 
fully in  a  limited  area.  The  expenses  are  bound  to  exceed  the  profits 
unless  the  output  is  phenomenal. 

A  new  pool  was  opened  up  in  Erie  Township,  Miami  County,  on 
October  J  3,  1808.  The  first  well  was  sunk  about  two  and  a  half 
miles  east  of  Peru  in  the  angle  north  of  the  main  line  of  the  Wabash 
railwav,  and  east  of  the  Chili  branch  of  the  Detroit  Division  of  the 
Wabash.  The  center  of  the  field  is  Jibout  one-third  of  a  mile  from 
each  line  and  one-half  mile  north  of  the  Wabash  River.  A  ])art  of  it 
lies  in  the  Richardsville  Reserve,  Peru  Township.  The  wells  are  on 
the  blufTs  of  the  river,  75  to  90  feet  above  low  water. 

In  1809  12  or  15  wells  were  completed,  but  three  of  which  were 
dry,  the  average  initial  production  being  about  22  barrels.  Tn  1900 
drilling  was  more  active,  and  on  October  15  there  wore  35  producing 
wells  in  the  field.  Of  these,  23  were  owned  by  the  Crawford  Oil  Co., 
while  the  Wabash  T^bor  Co.  and  the  St.  Charles  Oil  Co.  owned  six 
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each.  The  first  well  in  the  field  on  the  Baker  lease,  section  18,  found 
the  Trenton  at  960  feet,  had  an  initial  production  of  50  barrels,  and 
at  the  end  of  two  years  was  making  four  barrels  daily. 

On  the  E.  Butts  lease,  20  wells  were  in  operation  on  October  15, 
1900.  Of  these  11  produced  4,200  barrels  of  oil  from  September  15 
to  October  15.  Mr.  Butts  receives  one-fourth  royalty  and  leases  loca- 
tions 500  feet  apart  each  way  instead  of  definite  tracts  of  land,  as  is 
usually  the  custom.  In  this  way  he  is  getting  his  just  proportion  of 
the  riches  underlying  his  land.  The  average  record  of  the  bores 
put  down  on  the  Butts  leases  was  about  as  follows: 

Drive  pipe 70  feet. 

Casing 505  feet 

Top  of  Trenton 940  feet. 

But  one  pay  streak  is  said  to  occur  in  this  field  and  that  is  usually 
10  to  15  feet  below  the  top  of  Trenton,  the  wells  being  sunk  about  25 
feet  in.  But  about  one-half  the  wells  are  shot,  and  the  quantity  of 
nitro-glycerine  used  is  small,  being  but  about  GO  quarts.  The  drift  is 
deeper  farther  east,  being  in  a  few  of  the  wells  more  than  200  feet. 
No  gas  occurs  in  the  field,  that  used  as  fuel  being  piped  from  a  dis- 
tance. During  the  winter  of  1900-1901,  this  supply  was  cut  off  and 
coal  and  wood  took  its  place.  The  oil  produced  is  piped  eastward  to 
Rich  Valley,  thence  to  Laketon,  and  finally  to  Whiting,  where  it  is 
refined. 

At  Kellar's  or  Rich  Valley,  in  the  edge  of  Wabash  County,  a  few 
miles  cast  of  the  above  pool,  but  three  new  wells  were  drilled  in  1900. 
One  of  these  was  dry,  the  other  two  small  producers. 

The  following  is  the  output  by  months  of  the  Peru  and  Rich  Val- 
ley fields  for  the  year  1900: 

PRODUCTION   OF  THE   PERU   AND   RICH   VALLEY,    INDIANA,    OIL    FIELD   BY   MONTHS 

FOR  THE  YEAR   1900. 

Jjuniary 16,8flS  97 

I'obruary 13,665  11 

Mixrvh   16,206  53 

Apiil 19.305  33 

May   21,683  41 

Juiie 25,307  46 

July   23,a31  61 

Auffust 23,839  73 

Soptcmber 19,727  83 

October 21,145  07 

November 17,834  04 

December 17,668  76 

Total 237.288  86 
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The  Alexandria  Field  in  1900. — Oil  operations  about  Alexan- 
dria, Madison  County,  were  at  a  standstill  from  the  spring  of  1898 
to  April  1,  1900,  on  account  of  the  anti-waste  gas  law.  At  the  latter 
date  an  old  gas  well  on  the  Armstrong  lease,  northwest  quarter  sec- 
tion 6  (20  »orth,  7  east),  three  and  a  half  miles  south  of  the  town, 
which  for  some  time  had  been  showing  oil,  was  drilled  deeper,  cleaned 
out  and  shot.  The  depth  of  the  well  was  increased  from  963  to  1,014 
feet,  a  little  too  deep,  as  it  proved,  for  it  began  to  yield  about  300 
barrels  of  salt  water  and  35  barrels  of  oil  a  day,  and  kept  up  this 
yield  throughout  the  year.  In  addition  it  produced  at  a  low  pressure 
about  one  million  cubic  feet  of  gas  a  day  which  was  separated  through 
the  casing  and  piped  to  Alexandria.  A  second  gas  well,  one-third  of 
a  mile  northeast,  was  drilled  down  to  a  depth  of  1,005  feet,  but  when 
shot  produced,  in  addition  to  much  oil,  four  million  cubic  feet  of  gas, 
and  was  not  pumped.  No.  3,  10  rods  west  of  No.  1,  was  a  failure.  It 
produced  only  a  trace  of  oil  and  quite  a  supply  of  gas,  and  was 
plugged.  No.  4,  10  rods  east  of  No.  1,  completed  October  18,  proved 
a  fair  oil  well  and  a  small  gas  producer.  The  record  of  its  bore  was  as 
follows: 

Drive  pipe 174  feet. 

Casing L 400  feet. 

Top  of  rrentoii 923  feet. 

Total  depth 998V2  feet.* 

Four  other  bores  were  drilled  for  oil  on  the  Brunk  lease,  one-third 
of  a  mile  northeast  of  the  No.  2  Armstrong.  In  them  Trentcm  was 
struck  at  91 'J,  908,  914  and  90G  feet,  respectively.  Two  were  drilled 
in  85  feet,  but  all  product^d  much  gas  and  little  oil. 

In  the  west  part  of  Alexandria  near  the  Big  Four  railway  station 
fiv(;  wells  which  had  been  closed  since  1898  were  put  to  pumping 
in  August  and  nuule  about  15  barrels  <'ach.  One  and  a  quarter  miles 
east  of  the  town  on  the  S.  11.  Buck  lease,  northwest  quarter  of  secticm 
20  (21  north,  8  east),  a  well  completed  September  13  started  in  at 
about  50  barrels  daily.    The  record  of  the  l)ore  was  as  follows: 

Drive  pipe 110  IWt. 

Casiug 385  feet. 

Top  of  Trenton 924  feet. 

Kirst  pay  strenl\ fMn   feet. 

Total    deptli    1,018  feet. 

^  Tiiis  weH  was  plugged  ai)oiit  the  close  of  the  year,  as  the  oil  produced  was  not  sufficient 
to  pay  for  operating. 
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But  little  gas  was  found,  and  only  20  to  30  barrels  of  salt  water 
was  produced  daily.  Several  other  small  producers  were  drilled  in 
[he  iinmediate  vicinity  later  in  the  season. 

I'hc  strike  of  the  year  which  created  the  most  excitement  in  the 
Alexandria  field  was  the  J.  E.  Lippincott  well  on  the  Heritage  lease, 
northeast  quarter  of  section  7  (21  north,  7  east),  one  and  one-half 
miles  northeast  of  Alexandria.  It  came  in  the  middle  of  June  as  a 
good  gas  well,  having  been  bored  27  feet  into  Trenton.  It  was 
closed  and  the  derrick  taken  down,  but  as  soon  as  the  gas  was  turned 
into  the  pipe  line  it  ceased  flowing  and  the  well  filled  with  oil.  The 
derrick  was  rebuilt  and  the  well  drilled  85  feet  into  "sand,"  and  after 
shooting  produced  at  the  rate  of  1,200  barrels  of  oil  a  day  for  a  few 
days.  It  soon  dropped  to  200  barrels,  and  on  October  15  was  down  to 
about  Go  barrels  daily.  The  well  showed  much  gas  at  times,  and  was 
closed  down  on  several  occasions.  A  special  gas  line  was  laid  to  it  and 
the  gas  piped  to  several  factories.  The  oil  was  readily  pumped  when 
the  gas  pressure  was  kept  below  25  pounds.  A  second  well  on  the 
same  lease,  one  location  south,  produced  much  gas  and  no  oil,  while 
a  third  one,  put  down  by  a  rival  company,  just  50  feet  west  of  No.  1, 
produced  a  large  amount  of  gas  and  about  40  barrels  of  oil  daily. 
When  shot,  it  was  claimed  that  the  space  between  the  two  bores  was 
broken  through,  and  when  one  well  was  pumped  the  other  showed 
no  oil.    A  fourth  bore,  15  rods  north  of  No.  1,  produced  only  gas. 

On  the  W.  P.  Blake  lease,  northwest  quarter  of  section  16  (20 
north,  8  east),  five  wells  sunk  in  1898  and  closed  by  injunction  till 
June,  1900,  were  producing  in  October  a  total  of  about  500  barrels 
per  week.  The  average  depth  of  tlie  Trenton  was  916  feet,  and  each 
well  was  drilled  in  about  100  feet,  the  first  pay  streak  being  found  at 
35  and  the  second  at  65  to  70  feet  in.  Not  enough  gas  was  produced 
for  fuel.  On  the  S.  E.  Peck  farm,  southwest  quarter  of  section  9  (20 
north,  8  oast),  were  two  other  wells  closed  in  1898  which  became 
good  producers  in  1900.  A  well  starting  in  at  200  barrels  daily  was 
completed  on  the  Xicson  lease,  section  23,  Monroe  Township,  in 
November.    A  former  bore  on  the  same  lease  had  produced  gas  only. 

Near  Gaston,  Washington  Township,  Delaware  County,  about 
seven  miles  northeast  of  Alexandria,  three  wells  were  drilled  in  on 
the  W.  TI.  Broyles  lease,  nortlieast  quart^T  of  section  36  (22  north,  8 
cast),  in  the  fall  of  1897.  '^I'hey  produced  large  quantities  of  both  gas 
and  oil,  and  wcn^  cIosimI  })v  injunction  on  March  12,  1898.  Fcmr 
wells,  located  on  adjoining  farms  to  the  south,  were  closed  at  the 
same  time.  The  three  wells  on  the  Broyles  lease  struck  Trenton  at 
940,  935  and  933  feet,  respectively.     In  October,  1900,  Howland  & 
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Co.  put  down  a  fourth  well,  24  rods  north  of  No.  2,  striking  Trenton 
at  937  feet.  In  order  to  shut  ofif  the  gas  they  used  10-ineh  drive 
pipe  and  6i-ineh  casing.  Inside  of  the  latter  of-inch  easing  was 
used  clear  down  to  the  oil.  Two  pay  streaks  yielding  gas  were 
found,  the  first  25  to  45  feet,  the  second  65  to  80  feet  in.  -  The  inner 
casing  was  sunk  to  a  depth  of  1,019  feet,  or  below  the  gas  "pay." 
A  packer  was  put  in  below  the  gas  and  one  above.  Below  the  gas 
18  feet  of  oil  rock  was  found,  the  oil  being  raised  through  2-inch 
tubing  without  waste  of  gas.  The  outfit  was  quite  expensive,  but 
was  fairly  successful,  the  output  of  the  well  being  about  40  barrels 
daily,  which  flowed  by  heads.  An  arrangement  was  utilized  by  which 
enough  gas  for  running  the  engines  was  secured  from  the  supply 
held  between  the  packers.  A  second  well,  using  the  same  process, 
was  being  drilled  on  the  lease  at  the  close  of  the  year.  It  is  thought 
by  some  operators  that  after  these  wells  have  been  pumped  a  while 
and  the  oil  has  become  partially  exhausted  for  a  distance  around  the 
foot  of  the  bore,  the  gas  will  find  its  way  down  and  up  inside  of  the 
tubing,  the  experiment  thereby  proving  a  failure.  Mr.  Broyles  re- 
ceived from  Uowland  &  Co.  $2,000  bonus  and  one-sixth  royalty  for 
82  acres  of  his  farm,  and  the  same  amount  for  a  second  80  acres, 
from  the  American  Window  Glass  Co.,  the  latter  company  agreeing  to 
pay  also  $100  per  year  for  each  gas  well  drilled,  from  which  the  gas 
was  piped  away  for  use. 

All  together,  the  operations  in  and  about  Alexandria  during  the 
vear  were  vorv  successful  and  the  chances  are  that  much  good  oil 
torritorA*  will  be  opened  up  in  the  near  future.  The  growth  will  be 
gradually  toward  the  northeast  until  the  main  petroleum  field  is 
reached.  The  results  of  the  past  few  years  have  shown  that  the  oil 
will  remain  until  the  gas  is  practically  exhausted,  when  it  can  be  se- 
cured without  loss  of  the  more  volatile  fuel.  It  is  worse  than  folly 
to  waste  the  gas  in  an  attempt  to  prematurely  secure  the  oil.  When- 
ever ])ossible  separators  can  ])e  used  and  the  gas  piped  to  some  main 
where  it  can  be  utilized.  ]»v  such  means  only  can  these  two  fuels 
be  properly  conserved  and  nuide  to  be  of  the  greatest  and  most  lasting 
utility  to  the  people  of  the  State. 

In  the  following  table  is  shown  the  output  of  oil  from  the  Alex- 
andria field  bv  months  for  the  vear  1900: 
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PRODUCTION    OF    THE    ALEXANDRIA,   INDIANA,    OIL    FIELD    BY    MONTHS    FOR    THE 

YEAH   1900. 

January    

February ' 859  59 

March   2,423  10 

April 3,613  89 

May  4,995  72 

June 6,006  19 

July  6,134  83 

August 6,723  62 

September 4,686  90 

October , 5,372  13 

November 10,277  41 

December 8,800  94 

Total  59,894  38 

The  Pakker,  Indiana,  Oil  Field  in  1900. — Near  Parker,  Mon- 
roe Township,  Randolph  County,  four  bores  were  sunk  for  oil  in  the 
first  half  of  1900,  all  of  which  were  small  producers,  starting  in  at 
live  to  35  barrels  each.  There  was  no  gas  to  deter  operations  and  the 
output  held  up  well,  averaging  10  barrels  per  well  at  the  end  of  two 
months.  p]xperienced  operators  could  probably  have  opened  up 
quite  a  strip  of  territory,  bu{  two  or  three  dry  holes  in  the  latter  part 
of  the  season  stopped  the  drilling. 

A  few  miles  east  of  the  Parker  pool,  near  Selma,  Liberty  Township, 
Delaware  County,  a  gas  well  was  cleaned  out,  drilled  deeper  and  shot 
in  July.  A  strong  flow  of  gas  resulted  for  a  few  days  and  then  it 
began  producing  oil  at  the  rate  of  35  barrels  daily  and  also  a  large 
amount  of  water.  A  second  gas  well  which  was  likewise  cleaned  and 
shot  started  at  five  barrels,  but  no  successful  drilling  resulted  during 
the  year. 

Xoar  Smith  field  a  well  on  the  G.  TI.  Canady  farm,  northeast  quarter 
of  section  27,  Liberty  Township,  started  in  August  at  40  barrels  and 
was  producing  the  same  amount  on  October  151h.  A  second  bore  on 
the  same  lease  produced  only  gas.  On  the  W.  Lewis  farm,  same  sec- 
tion, another  bore  started  at  20  barrels.  In  section  23,  Liberty  Town- 
ship, a  wildcat  bore  on  the  M.  Dunkin  farm  proved  a  dr}^  hole,  while 
another  on  the  J.  Dunkin  lease  yielded  gas  only,  as  did  another  bore 
on  the  Cecil  farm  in  section  24. 

Kast  of  Muncie  five  miles,  on  the  Delaware  County  Infirmary  farm, 
section  8,  Liberty  Township,  an  old  gas  well  was  cleaned  out  and  shot, 
when  it  began  producing  50  barrels;  and  when  two  months  old  was 
yielding  30  barrels.  A  second  bore  started  in  at  15  barrels.  By  the 
last  of  November  there  were  nine  producing  wells  in  the  Parker  and 
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Smithfield  pools  which  were  yielding  a  total  of  120  barrels  a  day. 
ITiey  were  scattered  over  a  large  area  which  promises  to  develop  into 
fair  prothicing  territory  before  the  close  of  another  year. 

1^1  E  Fisher,  Hamilton  County,  Pool  in  1900. — Near  Fisher, 
IFamilton  County,  the  Indianapolis  Gas  Co.  completed  a  well  in  May, 
1900,  which  had  an  initial  production  of  60  barrels.  It  was  on  the 
Wiseman  lease,  section  25,  Fall  Creek  Township,  a  mile  and  a  half 
northeast  of  the  Kincaid  well  which  the  year  before  had  produced 
quite  an  amount  of  oil.  The  new  well  was  shut  down  for  some  time 
on  account  of  lack  of  tjinkage,  pipe  line  connections,  etc.,  but  when 
j)ut  to  regular  pumping  in  July  it  ])roduced  50  barrels  a  day  for  a 
mouth  or  so.  A  second  well  on  the  Hartly  lease  near-by  was  a  small 
producer,  starting  in  at  15  barrels.  A  bore  on  the  Wyant  farm,  same 
section,  proved  a  dry  hole,  as  did  also  one  on  the  Thacher  farm,  sec- 
tion 26.  Four  other  bores  finislied  later  in  Uie  season  on  the  liooth 
and  Kiiinerman  leases,  section  24,  and  the  Brandon  and  Wilson 
leases,  section  25,  proved  dry,  practically  putting  an  end  to  the  hopes 
of  finding  good  producing  territory  of  any  size  in  that  vicinity. 

The  Broad  Ripple  P'ield  in  1900. — No  extensions  of  importance 
were  made  in  the  Broad  Ripple,  Marion  County,  oil  field  in  1900. 
But  eight  wells  were  completed.  Of  these  two,  located  on  the  Gard- 
ner and  McCormick  leases,  were  dry.  The  others  were  mostly  small, 
the  total  initial  })roduction  of  the  six  being  only  95  barrels,  or  an 
average  of  1(>  barrels  per  well.  The  total  production  of  the  Broad 
Ripple  field  in  1900  was  30,194  barrels,  as  against  51,000  in  1899,  a 
loss  of  nearly  41  per  cent.  The  yield  in  1900  was  less  than  one-third 
what  it  was  in  1898,  when  the  field  produced  102,087  l)arrels. 

The  following  table  shows  the  j)roduction  by  months  in  1900: 


PRODUCTION   OF  THE   BROAD   RIPPLE,    INDIANA,    OIL    FIELD    BY   MONTHS   FOR    THE 

YEAR   1900. 

.January LV.>42  r,S 

February    1,489  1>1 

March    :5,441)  72 

April :5.10<>  !)<» 

May   ' 2,874  52 

Juno 4,;M)1)  22 

July   1.77i>  71 

Au^MisI  2.:U4  (;2 

SeptenilMT    2.;{42  :{S 

()<-tul>er 2,O.S2  K\ 

Novonibor 1.444  81 

December   l.l>07  C»0 

Total 30,194  35 
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STAriSTICS  OF  THE  INDIANA  TRENTON  ROCK  PETROLEUM 

FIELDS  IN  1900. 

While  the;  year  1900  was  not  characterized  by  any  great  strikes 
or  notable  extensions  of  produc'tive  territory  in  the  Trenton  limestone 
field  of  Indiana,  it  was  nevertheless  the  banner  year  in  the  oil  in- 
dustry of  the  State.  The  price  of  iron  pipe  and  other  supplies  which 
had  risen  rapidly  during  the  year  previous,  declined  materially,  so 
that  the  cost  of  a  productive  well  was  much  less. 

The  price  of  oil,  while  much  lower  at  the  end  of  the  year  than  at 
the  beginning,  averaged  for  the  year  9  cents  more  per  barrel  than  in 
1899.  The  price  at  the  beginning  of  the  year  was  $1.12.  By  Feb- 
ruary 26  it  reached  the  maximum  of  $1.21,  which  it  held  until  April 
2,  when  it  began  to  decline.  On  May  21  it  had  fallen  to  $1.00,  and  by 
June  ()  to  90  cents.  It  held  this  price  until  August  9,  when  it  began 
to  slowly  go  down  again,  reaching  74  cents,  the  minimum  price,  on 
November  13.  At  the  close  of  the  year  it  was  selling  at  78  cents, 
with  a  tendency  toward  a  further  rise.  The  average  price  for  the 
year  was  96^  cents  as  against  87^  in  1899. 

The  total  production  of  Trent(m  rock  petroleum  in  Indiana  in 
1900  was  4,912X)7o  barrels  which,  at  the  average  price  of  90^  cents, 
amounted  to  $4,740,731.  Compared  with  1899,  this  was  an  increase 
in  pro<luction  of  1,104,901  barrels,  or  29  per  cent.  Owing,  however, 
to  the  higher  average  price,  the  amount  received  by  the  producers 
was  $1,408,981,  or  42  per  cent,  more  than  in  1899. 

The  first  of  the  following  tables  gives  a  complete  record  of  the 
iiKmthly  })r()duction  of  petroleum  from  the  Trenton  limestone  fields 
of  Indiana  for  the  10  years  beginning  January  1,  1891,  and  ending 
I)('(HMnl)er  31.  1900.  The  second  table  shows  the  annual  production, 
the  average  yearly  price,  and  the  total  value  by  years  for  the  same 
period : 


BBPOBT  OF  STATE  GEOLOGIST. 


8    I  g§?S5l6llS53 


?  m  i 


158 


:    ii  .-■ 


t  5« 


mmmmMm 


gip.B||l|.p5 


-'ii 

-  il 


s  Ii  I 

5  II  " 


I  f 


THB   PETBOLBUM   INDUSTBY   IN   INDIANA. 


513 


From  the  above  tables  it  will  be  seen  that  the  largest  production 
in  any  one  month  was  in  October,  1900,  when  467,521  barrels  were 
produced.  The  total  production  for  the  ten  years  reached  the  enor- 
mous amount  of  32,750,359  barrels,  for  which  was  received  $21,- 
074,690,  or  an  average  of  more  than  $2,100,000  per  year.  This  did 
not  include  the  amount  used  for  fuel  and  other  purposes  in  the  field. 

In  the  following  table  there  is  shown  the  number  of  wells  put  down 
in  the  Trenton  limestone  fields  of  Indiana  for  petroleum  in  each 
month  since  June,  1891: 

NUMBER  OF  WELLS  COMPLETED  IN  THE  INDIANA  TRENTON  LIMESTONE 

OIL  FIELDS  FROM  1891  TO  1901,  BY  MONTHS. 


YEAR. 

1 

Jan. 

Feb. 

• 

u 
a 

< 

May. 

June. 

July. 

Aug. 

CO 

Oct. 

• 

> 
o 

• 
9 

Total. 

i 

1891 

6 
17 

6 
30 

'   15 

25 

15 
52 

15 
33 

8 
47 

65 

1892 

11 

13 

18 

13 

17 

19 

295 

X9tA  >  •  •  •  •  ■  « •  • 

20 

30 

31 

36 

45 

47 

47 

56 

27 

72 

56 

76 

642 

1894 

90 

103 

103 

80 

110 

107 

84 

123 

100 

107 

97 

85 

1,189 

1895 

«1 

45 

81 

111 

122 

153 

132 

140 

129 

106 

102 

85 

1,267 

1896 

76 

90 

86 

136 

148 

160 

113 

121 

70 

58 

66 

66 

1,180 

1897 

41 

35 

40 

47 

49 

52 

60 

45 

55 

89 

119 

54 

686 

1898 

41 

Zi 

29 

43 

:« 

66 

53 

80 

72 

82 

92 

86 

1 

694 

1899 

76 

48 

68 

64 

87 

99 

77 

104 

106 

120 

1C6 

1  106 

1,060 

1900 

112 

66 

97 

143 

162 

164 

159 

149 

135 

151 

114 

104 

1,556 

Total 

1 
1 

8.5^ 

1  

'' 

From  the  above  table  we  learn  that  289  more  bores  were  sunk  for 
oil  in  the  Trenton  rock  oil  fields  of  Indiana  in  1900  than  in  any  pre- 
freiding  year.  The  high  price  of  the  ])roduct  was  the  leading  factor 
in  causing  this  increase  of  activity.  Whenever  petroleum  sells  close  to 
the  dollar  mark  or  above,  the  profit  of  production  is  sufficient  to  keep 
the  drills  steadily  at  work.  On  January  1,  1901,  there  were  5,480 
wells  producing  oil  in  the  State,  as  against  4,336  on  January  1,  1900 
— a  gain  of  1,144  for  the  year.  The  table  also  shows  that  up  to  Jan- 
uary 1,  1901,  8,534  bores  had  been  sunk  to  Trenton  rock  within  the 
State  for  petroleum,  so  that  3,054  had  either  proven  dry  or  were 
abandoned  previous  to  the  date  mentioned.  The  number  abandoned 
in  1900  was  197,  or  just  50  less  than  in  1899,  while  the  number  of  dry 
holes  drilled  during  the  year  was  215,  or  110  more  than  in  1899.  Of 
the  total  number  of  bores  drilled,  13.8  per  cent.,  or  3.8  per  cent, 
more  than  in  1899,  were  dry. 
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The  fioal  table  ahows  the 


COUMTY. 

Producing 

Welli. 

DrjHole.* 

Total. 

PerceuUge 

of 
O17  Hotel. 

543 

166 

64 

120 

227 

134 

17 

46 

7 

2 

9 

2 

5 

37 
36 
41 
13 
13 
13 
38 
4 
3 
3 
4 

3 

57» 
202 
106 
133 
240 
147 
65 
49 
10 
6 
13 
9 

A/.m;::.: : 

Madison 

Delaware 

1,341 

216 

1,656 

'^ 

Thii  calnmD  iDclnde)  borsi  lank  for  ail  which  Ticldid  t>*' 

From  the  fit^itistics  jjivwi  it  will  be  SiL-i'n  that  Uu'  yt-tir  IHIhj  wan 
liy  fnr  the  best  in  thi-  hisforv  of  the  Trenton  rock  oil  (icids  of  liidijina. 
Drilling  was  more  iic-live,  there  being  S8!t  more  bores  sunk  ihaii  in 
any  preceding  year.  'I'lie  percentage  of  dry  boles  was  greater  than 
in  IHSiy,  but  Ibis  was  tlue  iiiaialy  to  the  active  wildcatting  in  prospec- 
tive t^>rritory  outside  the  known  limits  of  the  main  field.  The  aver- 
age price  of  the  product  woe  high  enough  to  keep  the  drill  going. 
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and  yet  not  t^o  high  as  compared  with  its  real  value.  The  initial 
production  was,  on  the  average,  much  less  than  in  previous  years. 
This  goes  to  prove  that  the  days  of  the  gusher  are  practically  over 
in  the  older  portions  of  the  main  field  where  most  of  the  bores  were 
sunk.  It  is  better  for  the  practical  producer  that  this  is  true.  A  well 
starting  at  200  barrels  or  more  a  day  creates  an  excitement  and  a 
rush  for  territory  that  in  the  end  proves  harmful  to  all  concerned. 
F/arge  bonuses  are  paid  out  and  big  risks  taken  which  are  foreign 
to  territory  whose  wells  are  small  but  sure  producers.  As  has  been 
stated  in  my  former  reports,  one  large  well  will  not  make  any  man 
a  fortune;  twenty  small  ones  may  in  time.  The  yield  of  the  large 
producer  will  quickly  grow  much  less;  that  of  the  twenty  small  ones 
will  hold  out  for  a  long  time.  There  is  yet  room  for  thousands  of 
wells  in  the  known  productive  territory.  At  present  prices  eight 
to  ten  wells  pumped  by  one  power  and  yielding  on  an  average  but 
two  or  three  barrels  each  per  day,  will  prove  a  paying  investment. 

Tt  is  a  good  omen  for  the  future  of  the  oil  industry  in  Indiana  that 
so  many  bores  are  being  sunk  each  year  in  the  old  producing  terri- 
tory of  Wells,  Adams  and  other  counties.  The  risks  of  the  operator 
are  much  fewer.  Moreover  the  chances  that  the  greater  portion 
of  the  stored  product  will  eventually  be  brought  to  the  surface  are 
much  greater  where  a  bore  is  sunk  on  every  10  acres  than  where 
only  one  is  sunk  on  each  40  or  80-acre  tract.  Were  a  bore  sunk  at 
regular  intervals  on  each  8  or  10  acres  of  productive  territory  the 
])rofits  in  the  end  would  be  more  sure  and  much  greater  than  where 
the  present  ha])hazard  method  of  drilling  is  followed. 

CORNIFEROUS  ROCK  PETROLEUM. 

JVtroleum  in  commercial  quantities  has  been  found  in  the  Cornif- 
crous  rocks  of  Indiana  in  three  different  and  widely  separated  locali- 
ties, namely:  at  Loogoot^e,  Martin  County;  Terre  Haute,  Vigo 
County,  and  west  and  northwest  of  Medarysville,  Jasper  County. 
At  'JVrre  Haute  this  petroleum  has  been  produced  since  1889.  At 
Ihe  other  points  the  first  production  was  in  1899. 

'I^he  Corniferous  formation  is  the  lowest  or  oldest  division  of  the 
Devonian  system  in  Indiana,  being  represented  in  the  State  by  sand- 
stones with  a  maximum  thickness  of  20  feet,  which  are  thought  to 
correlate  with  the  S(thoharie  group  of  New  York,  or  by  limestones 
five  to  ().*)  feet  in  thickness  correlated  with  the  rp))er  Helderberg. 
At  Loogootee  the  oil  bearing  rock  is  a  sandstone;  at  the  other  locali- 
ties, limestone.  Above  the  oil  bearing  rocks  of  this  formation  will 
always  be  found  a  deposit  of  brown  and  black  shales,  varying  in 
thickness  from  90  to  160  feet.    These  are  the  Hamilton  and  New 
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Albany  or  Genesee  shales.  They  not  only  form  the  close  grained 
cover  which  has  prevented  the  total  evaporation  of  the  volatile  por- 
tions of  the  petroleum,  but  they  are  undoubtedly  the  original  source 
of  the  petroleum  itself. 

These  shales,  when  first  deposited,'  were  largely  composed  of  the 
remains  of  plants  and  animals,  which,  by  the  action  of  slow  destruc- 
tive distillation  mentioned  on  a  preceding  page,  were  changed  into 
bitumens.  Tbe  Genesee  shale  is  rich  in  these  bitumens,*  and  when 
set  on  fire  will  bum  until  they  are  consumed.  Where  the  underlying 
rock  is  a  porous  limestone  or  sandstone,  the  oil  and  gas,  which  have 
been  separated  from  the  shale  during  the  thousands  of  years  which 
have  elapsed  since  its  formation,  have  accumulated.  It  is  these 
accumulations  or  reservoirs  w^hich  have  been  struck  at  the  points 
above  mentioned.  Similar  reservoirs  doubtless  occur  in  many  por- 
tions of  the  area  which  the  black  shale  underlies,  but  they  will  be 
found  only  where  the  Corniferous  limestone  or  sandstone  is  porous 
enough  to  retain  in  large  quantities  the  gaseous  and  liquid  bitu- 
mens, f  The  gas  at  Petersburg  and  Loogootee  is  only  the  more  vola- 
tile part  of  the  oil  which  has  arisen  into  the  higher  portions  or  anti- 
clines of  the  porous  rocks.  Where  these  rocks  are  found  low,  the 
oil  or  salt  w^ater  will  occur,  but  there  is  much  less  likelihood  of  salt 
water  being  found  in  quantity  than  in  the  Trenton  limestone  of  the 
main  Indiana  oil  field. 

The  Genesee  shale,  and  its  underlying  oil  bearing  rocks,  occur  only 
in  the  western  half  of  the  State.  Here  it  has  been  recognized  in  all 
the  deep  bores  drilled  west  of  its  eastern  outcrop.  This  outcrop  ex- 
tends from  the  Ohio  near  Xew  Albanv  in  a  northeasterlv  direction 
through  Floyd,  Clark,  Scott,  Jefferson  and  Jennings  counties,  then 
northwesterly  through  Bartholomew,  Johnson,  Marion,  Boone,  Clin- 
ton, Carroll  and  White  counties.  The  shale  forms  the  surface  rock 
of  an  area  eight  to  15  miles  wide  in  these  counties  or  those  adjacent 
on  the  west.  It  is  also  known  to  be  the  formation  immediately 
underlying  the  drift  over  quite  a  large  area  of  the  two  northern 


'^A  paper  treating  of  the  bitumens  of  this  shale  was  published  in  the  report  of  this  de- 
partment for  1S96,  pp.  lOS-119.  As  a  re«>ult  of  numerous  experiments,  the  author  found  that 
8.5  pounds  of  the  black  shale  yielded  by  distillation  45  gallons  of  gas,  which,  when  burned 
as  an  illuminant,  proved  to  be  22  candle  power  in  quality.  In  Scotland  60,000,000  gallons  of 
crude  oil  are  annually  produced  by  distilling  a  sioailar  shale,  while  at  the  same  time  25,000 
tons  of  sulphate  of  ammonia,  a  valuable  fertiliser,  is  formed  as  a  by-product. 

tAs  in  the  Trenton  rock  oil  fields,  there  are  absolut-ly  no  surface  indications  by  which 
one  can  locate,  with  any  degree  oT  certainty,  productive  wells.  The  only  thing  to  do  is  to 
sink  a  bore  through  the  black  shale  to  the  underlying  Corniferous  rocks.  If  accurate  sur- 
fnce  levels  of  the  first  dozen  or  more  producing  wells  are  determined,  onen^an  readily  ascer- 
tain the  dip  of  the  oil-bearing  stratum,  and  thereby  lessen  the  chances  of  failure  in  future 
bores. 
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tiers  of  counties  in  the  State.  At  Loogootee  the  Comiferons  oil 
bearing  rock  is  about  500  feet  below  the  surface.  At  Terre  Haute, 
which  is  much  farther  west  of  its  outcrop,  the  oil  occurs  1,630  feet 
below;  while  at  Medarysville,  near  the  eastern  outcrop,  the  depth  to 
the  oil  bearing  stratum  is  only  100  to  110  feet. 

The  Terre  Haute  Pool  in  1900. — The  Phoenix  well  at  Terre 
Haute  is  the  oldest  and  the  best  oil  well  in  the  State  of  Indiana. 
For  12  years  it  has  yielded  an  average  of  more  than  1,000  barrels 
per  month.  When  the  drill  first  struck  the  oil  bearing  stratum  on 
the  night  of  May  6th,  1889,  the  flow  was  so  great  that  quite  a  lake 
of  oil  accumulated  around  the  derrick,  and  there  was  some  alarm  lest 
a  destructive  fire  should  result.  The  drill  was  then  pulled  out  of 
the  well,  and  as  soon  as  the  end  loft  the  mouth  of  the  drive  pipe,  a 
solid  stream  of  oil  four  and  a  half  inches  in  diameter  shot  into  the 
air  a  distance  of  foriy  or  fifty  feet.  While  running  at  this  rate 
there  was  probably  a  little  over  a  barrel  a  minute  pouring  from  the 
well,  and  when  the  pressure  decreased  from  the  first  spurt,  which 
lasted  onlv  fifteen  minutes,  the  flow  stcfidied  down  to  a  four  and  a 
half  inch  stream  spurting  a])out  tliree  feet  above  the  mouth  of  the 
well.  A  tank  with  a  capacity  of  twenty  barrels  was  put  under  the 
pipe,  and  it  was  filled  to  overflowing  in  just  twenty-two  minutes. 
This  great  flow  soon  began  to  decrease,  and  in  a  few  months  had 
reached  an  average  of  35  barrels  per  day,  which  it  has  since  main- 
tained. The  output  of  the  well  in  1900  was  12,090  barrels,  or  1,015 
barrels  per  month,  except  in  April,  when  a  few  days  were  spent  in 
cleaning  out  the  well,  the  production  for  the  month  being  thereby 
reduced  to  925  barrels. 

Previous  to  tlie  sinking  of  the  Phoenix  well,  three  or  four  bores 
had  been  put  down  at  Terre  Haute,  one  to  a  depth  of  2,400  feet. 
Tn  two  of  these  oil  in  small  quantity  had  been  found.  The  result 
of  the  Phcnnix  strike  was  like  that  of  everv  other  similar  one  in  the 

ft. 

history  of  the  petroleum  industry.  Hundreds  of  oil  operators  from 
far  and  near  flocked  to  Terre  Haute.  Real  estate  almost  doubled  in 
pric(».  Twenty-four  new  companies  were  formed,  eighteen  of  which 
made  locations.  A  dozen  or  more  bores  were  put  down  to  the  re- 
fjiiired  depth  within  three  miles  radius  of  the  first  gusher,  struck  the 
proper  stratum,  and  for  the  most  part  found — nothing.  Two,  within 
a  short  distance  of  the  original  well,  yielded  oil  in  small  quantity.  The 
vield  of  one  was  soon  overcome  bv  salt  water.  The  other  continued 
to  produce  for  ^\^q^  or  six  years,  but  was  finally  abandoned. 
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No  further  prospecting  was  done  until  1899,  when  two  bores  were 
completed.  One  of  these,  about  two  miles  north  and  one-half  mile 
west  of  the  Phoenix,  was  a  dry  hole.  In  the  other,  about  40  rods 
northeast  of  the  Phoenix,  oil  was  found,  which  partially  filled  the 
bore.  Owing  to  litigation,  this  well  was  not  pumped  until  1900,  the 
output  for  that  year  being  a  little  less  than  1,000  barrels. 

The  oil  from  the  Corniferous  at  Terre  Haute  is  darker  colored, 
more  ill  smelling  and  of  a  greater  weight  and  density  than  the  Tren- 
ton rock  oil  from  the  main  Indiana  field.  An  examination  and  com- 
parison of  samples  of  the  two  were  made  by  Dr.  Noyes,  who  reported 
on  them  as  follows:* 
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Residue  by  weight 6.2  percent.     4.5   percent. 

Salphnr 72  per  cent.  '' .83  per  cent. 


"The  oils  were  distilled  rather  slowly  from  flasks  with  the  ther- 
mometer  in  the  vapor  only.  A  thermametcr  filled  with  nitrogen  and 
graduated  to  400°  C.  was  used. 

"The  oils  appear  to  be  quite  similar  in  general  character,  but 
there  is  less  of  the  low  boiling  products  in  the  Terre  Haute  oil,  and 
the  specific  gravity  of  tlie  oil  and  of  the  various  distillates  is  higher. 
The  portion  of  the  Terre  Haute  oil  boiling  at  350°-390°  deposits 
considerable  amounts  of  solid  paraffines  at  15°  C.  The  low  flashing 
point  of  the  high  boiling  oil  must  be  due  to  a  partial  Vracldng*  of 


^The  sample  of  Trenton  rock  oil  was  obtained  at  Van  Buren,  Grant  County. 
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the  oil.    From  the  results,  I  calculate  the  following  percentage  of 
naphtha  and  kerosene  contained  in  the  petroleums: 


Terre  Haate. 


Van  Baren. 


Naphtha  below  specific  gravity  0.73 None.  10% 

Kerosene  between  apecifio  gravity  0.73-0.83 30%  83% 


There  is  little  doubt  but  that  a  large  quantity  of  oil  occurs  in  the 
Corniferous  rocks  beneath  the  city  of  Terre  Haute  and  vicinity, 
else  the  vield  of  the  Phcenix  well  could  not  have  been  so  uniform 
and  long  continued.  The  porous  area  or  reservoir  containing  the 
oil  must,  however,  be  narrow,  and  this  bore  probably  struck  it  at  just 
the  right  point  to  get  the  best  results.  Some  people  who  know  little 
or  nothing  of  the  geology  of  Indiana  believe  that  the  Phoenix  well 
struck  a  crevice,  which  extends  to  the  main  oil  field  of  the  Stat«, 
Such  belief  is,  of  course,  preposterous,  as  the  Corniferous  rock  which 
contains  the  oil  at  Terre  Haute,  out<:Tops  before  the  main  oil  field  is 
reached,  and  is  not  pierced  by  any  bore  sunk  in  that  field.  More- 
over, it  is  a  younger  and  much  thinner  formation  than  the  Trenton 
limestone,  and  for  that  reason  there  is  little  chance  of  developing 
an  oil  output  near  Terre  Haute  in  any  way  comparing  to  that  of  the 
main  Indiana  field. 

The  Loogootee  Oil  Field  in  1900. — In  the  spring  of  1897  a  well 
was  drilled  into  the  Corniferous  sandstone  at  Petersburg,  Pike 
County.  25  miles  southwest  of  Loogootee,  which  resulted  in  a  good 
gas  producer,  having  since  supplied  most  of  the  citizens  of  Peters- 
burg with  fuel.  Six  other  bores  were  soon  afterward  sunk  in  that  vi- 
cinity, in  all  of  which  either  oil  or  gas  was  found  '^^  small  but  not 
commercial  quantities.  These  bores  led  to  the  organization  of  the  Loo- 
gootee Prospecting  Co.  at  Loogootee,  Martin  County,  which  proposed 
to  prospect  for  oil  or  gas  in  the  vicinity  of  that  town.  Their  first  bore, 
a  short  distance  south  of  the  town,  was  intended  to  reach  Trenton 
limestone,  but  at  a  depth  of  1,082  feet  drilling  was  for  some  reason 
stopped  near  the  base  of  the  Hudson  River  limestone,  or  in  the 
top  of  the  Utica  shale.  The  well  should  have  been  drilled  to  a  depth 
of  2,000  feet,  in  order  to  have  reached  and  thoroughly  tested  the 
Trenton  rook.  At  a  depth  of  478  feet  a  good  showing  of  both  oil 
and  gas  were  found  in  a  thin  stratum  of  Corniferous  sandstone. 
About  15  gallons  of  oil  a  day  were  produced.  On  April  2,  1900,  100 
feet  or  more  of  oil  was  standing  in  the  bore. 
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The  showing  made  by  this  first  bore  was  deemed  suflScient  to 
justify  the  drilling  of  another  well  about  one-quarter  of  a  mile  east 
of  No.  1.  In  this  gas  was  struck  at  a  depth  of  505  feet,  the  stratum 
of  sand  being  three  feet  thick.  The  output  of  gas  was  about  400,000 
cubic  feet  per  day.  The  third  bore,  a  quarter  of  a  mile  east  of  the 
second,  was  on  a  ridge  whose  surface  level  was  32  feet  higher  than 
that  of  the  second  bore.  In  it  the  gas  bearing  sand  was  struck  at 
627  feet,  and  was  eight  feet  in  thickness.  About  one  half  million 
cubic  feet  of  gas  daily  resulted,  but  no  oil. 

In  the  fourth  bore,  put  down  on  the  Larkin  lease,  1,500  feet  east 
of  No.  3,  the  surface  level  was  15  feet  lower.  The  productive  sand 
was  16  feet  thick,  its  top  being  513  feet  below  the  surface.  When 
finished,  on  November  13,  1899,  it  began  flowing  water,  gas  and  oil, 
yielding  about  250,000  cubic  feet  of  gas  and  12  barrels  of  oil  per 
day.  On  April  12,  1900,  it  was  yielding  about  six  barrels  per  day, 
natural  flow.  No.  5,  sunk  700  feet  east  from  No.  4,  at  the  same  level, 
was  dry,  none  of  the  productive  sandstone  having  been  found  at 
662  feet  when  the  bore  was  abandoned.  This  completed  the  results 
of  the  first  season's  work. 

In  1900  the  first  well  completed  was  a  dry  hole  on  the  Fields  farm, 
a  mile  northeast  of  No.  4  above  mentioned,  no  sign  of  the  productive 
stratum  of  sandstone  being  encountered.  The  second  was  on  the 
Cannon  lease,  and  was  distant  about  one-quarter  of  a  mile  southeast 
of  the  gas  well  (No.  3)  last  drilled.  It  was  finished  February  18,  the 
sandstone  being  17  feet  thick  and  struck  at  a  depth  of  478  feet. 
Its  initial  output,  when  pumped,  was  four  barrels.  It  was  shot  with 
10  quarts  of  nitro-glyccrine,  being  the  first  of  the  wells  so  treated. 
After  shooting,  it  flowed  30  barrels  of  oil  a  day  for  10  days,  then 
fell  to  20  barrels,  which  it  was  yielding  on  April  12.  A  small  quan- 
tity of  gas  was  escaping  on  that  date.  The  flow  of  the  oil  was 
natural  and  bv  heads  at  intervals  of  10  to  12  minutes.  The  strik- 
ing  of  this  second  productive  well  created  much  excitement  and  an 
active  scramble  for  territory  bv  oil  men  from  widely  difi^erent  locali- 
ties.  A  number  of  rigs  were  at  once  erected  and  drilling  began  in 
earnest. 

Three  miles  east  of  the  No.  4,  or  first  oil  producing  well,  a  bore 
on  the  O'Brien  lease,  section  17,  Perry  Township,  found  the  sand 
at  390  feet,  but  only  Blue  Lick  water  was  produced.  A  second  bore 
on  the  Cannon  lease,  r)00  feet  south  of  the  new  oil  producer,  was 
dry.  The  sandstone,  struck  at  483  feet,  was  only  two  feet  thick, 
dense  and  very  hard.  Another  bore  on  the  Larkin  lease,  only  500 
feet  northeast  from  No.  4,  was  drilled  in  on  April  10.     Fourteen 
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feet  of  sand  was  found  at  527  feet  below  the  surface  and  the  bore  de- 
veloped a  lO-barrel  producer.  Still  another  bore,  sunk  between  the 
Larkin  and  Cannon  wells,  had  an  initial  production  of  50  barrels, 
l^his,  the  fourth  oil  well  in  the  field,  was  the  last  one  drilled  in  1900, 
all  the  others  yielding  either  Blue  Lick  water  or  gas  or  being  wholly 
dry. 

Those  of  which  we  have  an  account  in  this  oflBce  are  are  follows: 

Thos.  Mehin  lease,  section  18,  Perry  Township,  three-quarters  of 
a  mile  north  of  producing  wells;  sand  struck  at  501  feet,  white,  thin; 
well  dry,  though  afterward  filled  up  with  Blue  Lick  water  struck  at 
445  feet. 

Chas.  Goofee  lease,  section  1,  Perry  Township,  two  and  a  fourth 
miles  south  of  the  Larkin  wells,  developed  10  feet  of  close  grained 
sandstone  and  was  dry. 

0.  J.  ClarJi'  lease,  one-third  of  a  mile  south  of  I^arkin  wells,  two 
bores  ^^unk,  each  producing  a  million  cubic  feet  of  gas  but  no  oil. 

J.  M.  Hall  lease,  section  35,  r)arr  Township,  Daviess  County,  three 
miles  southwest  of  Loogootee;  first  sand  30  feet  thick,  close  grained, 
dry;  second  sand,  at  493  feet,  yielded  two  and  a  half  million  cubic 
feet  of  gas. 

J.  Dibh  lease,  section  2,  Barr  Township,  Daviess  County,  one  mil- 
lion cubic  feet  of  gas. 

S.  Sjnith  lease,  section  3,  Barr  Township,  Daviess  County;  dry  hole. 

J.  McCord  lease,  section  2fi,  Barr  Township,  Daviess  County;  sand 
eight  feet  thick,  large  gas  well. 

John  Graham  lease,  near  Glendale,  Harrison  Township,  Daviess 
County,  13  miles  southwest  of  Loogootee;  sand  found  at  a  depth  of 
950  f(M^t.    Good  showing  of  oil,  no  gas. 

M.  E.  Jfat/f/erh/  lease,  i\ye  miles  south  of  Loogootee;  dry  hole. 

McBrule  Bros,  lease,  four  miles  east  of  Loogootee;  dry  hole. 

In  all  2i)  l»nres  were  put  down  in  the  Loogootee  field  during  1900. 
Of  these  three  ])roduced  oil,  10,  gas,  the  remaining  13  being  dry. 
The  results  show  that  the  productive  stratum  of  sandstone  is  not  to 
be  relied  upon.  It  does  not  appear  to  be  continuous  but  is  in  pockets. 
It  varies  much  in  thickness  and  also  in  closeness  of  texture,  in  some 
places  being  soft,  quite  porous  and  productive;  in  others,  hard,  close 
grained  and  barren.  On  account  of  its  pockety  nature  and  thinness, 
the  supply  of  oil  from  any  given  area  of  this  Comiferous  sandstone 
will  never  equal  that  from  any  similar  area  of  the  main  Trenton  lime- 
stone field  of  northeastern  Indiana. 

The  Loogootee  Prospecting  Company,  to  whom  all  credit  is  due 
for  bringing  about  the  development  of  the  field,  have  done  well  with 
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their  venture.  They  owned,  at  the  close  of  the  year,  the  four  pro- 
ducing oil  wells  and  four  of  the  gas  wells,  besides  having  control  of 
much  of  the  best  prospective  undrilled  territory.  Their  stock,  of 
which  1,200  shares  were  issued  at  $10  each,  was  selling  at  $60  per 
share  when  any  was  on  the  market. 

The  oil  produced  at  Loogootee  is  ven-  similar  to  that  found  at 
Terre  Haute,  being  ill  smelling,  dark  in  color,  and  possessing  a 
specific  gravity  of  32°  Beaume.  It  is  shipped  by  the  Indiana  Pipe 
Line  Co.  to  Jefferson ville,  Indiana,  and  Louisville,  Kentucky,  where 
it  is  used  mainly  for  fuel.  The  output  of  the  producing  wells  by 
months  for  the  year  was  as  follows: 

PRODUCTION  OF  THE  LOOOOOTEE,    INDIANA,    OIL    FIELD  BY   MONTHS  IN    1900. 

January 142  20      August 769.08 

February 144.42      September 701.08 

March 713.67      October 769.08 

April 544.89      November 827.59 

May 843.42      December 800.00 

June 1,129.91  

July 661.45              Total 7,936.79 

The  Jasper  County  Oil  Field  ix  1900.* — During  the  past  two 
years  active  development  has  heen  carried  on  in  Jasper  County, 
Indiana,  with  the  result  that  a  considerable  area  of  valuable  oil  terri- 
tory has  been  disclosed.  The  oil  is  found  in  a  limestone  which, 
without  doubt,  is  a  continuation  of  the  Corniferous  limestone  forma- 
tions at  present  producing  oil  in  the  Canadian  fields,  and  at  Terrc 
Haute  in  Vigo  County,  Indiana:  the  limestone  being  easily  recognized 
throughout  a  large  area  of  southern  Michigan  and  western  Indiana, 
but  being  entirely  absent  in  the  eastern  and  central  })ortions  of  the 
latter  State.  The  formation  is  nearest  the  surface  in  the  section  of 
Indiana  which  has  since  developed  into  the  Jasper  County  oil  field 
and  is  found  in  the  most  productive  portions  of  this  field  at  approxi- 
mately 100  feet  below  the  surface. 

The  history  of  the  Jasper  County  field  dates  from  18G5,  when  a 
company  was  organized  in  New  York  to  exploit  certain  oil  territory, 
supposed  to  exist  in  the  Kankakee  swamps  of  Indiana.  This  company 
was  organized  during  the  great  oil  excitement  in  Pennsylvania  and 
adjoining  states,  but  no  records  remain  of  any  active  development 

"  Mr.  0.  K.  MacFadden,  of  Geneva,  Indiana,  to  whom  mach  of  the  credit  is  duo  for  the 
opening  up  of  the  Jn^per  County  field,  furnished  most  of  the  data  for  this  report  on  that 
field  I  have  ro-arranged  his  paper  and  have  added  to  it  in  places  additional  data  which  I 
gathered  when  I  las^t  visited  the  field.    For  the  most  part,  however,  the  wording  is  his  own. 

"~  Wt  »S.  o. 
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undertaken  by  this  original  company.  The  next  interest  shown  in 
this  section  was  in  1893,  when  a  well  drilled  on  the  W.  J.  Swisher 
farm,  six  miles  west  of  Medarysville,  southeast  quarter  section  33 
(31  north,  5  west),  Gillam  Township,  was  completed,  which  produced 
a  considerable  amount  of  oil.  ^fhis  well  was  drilled  by  the  owner  of 
the  farm  to  provide  water  for  his  stock.  Not  finding  water  at  the 
usual  depth  the  well  was  continued  to  a  depth  of  about  85  feet,  when 
a  flow  of  oil  was  encountered  which,  according  to  reports,  flowed 
intermittently,  its  production  at  certain  periods  ranging  as  high  ss 
10  barrels  daily.  The  oil  was  found  to  be  a  good  lubricant,  and  for  a 
number  of  years  the  owner  of  the  well  obtained  a  fair  income  from 
the  sale  of  it  at  approximately  $10  per  barrel.  Shortly  after  the 
Swisher  well  was  completed  a  number  of  test  wells  were  drilled  in  the 
immediate  neighborhood,  but  in  the  light  of  present  development  it 
would  seem  that  none  of  them  penetrated  the  Corniferous  limestone 
to  a  sufficient  depth  to  obtain  oil  in  any  quantity. 

The  recent  history  of  the  field  began  in  July,  1899,  when  a  com- 
pany, composed  of  a  number  of  practical  oil  producers  and  known  as 
the  Interstate  Oil  Company,  commenced  active  work.  They  leased 
approximately  36,000  acres  of  land,  26,000  of  which  they  obtained 
from  B.  J.  Gifford  at  one-eighth  royalty,  the  only  condition  being 
that  they  put  down  a  bore  to  the  oil  producing  rock  on  each  section 
of  land,  one  well  to  be  sunk  every  60  days,  until  the  tract  was  drilled 
over.  After  purchasing  the  oil  right  on  the  original  Swisher  farm, 
the  company  sunk  a  bore  700  feet  northwest  of  the  first  well,  whicli 
resulted  in  a  two-barrel  producer.  Additional  wells  were  completed 
in  section  33  until  by  the  end  of  the  year  1809  a  considerable  acreage 
had  been  proven  to  be  productive  territory.  About  this  time  the 
development  of  the  district  was  brought  to  the  attention  of  a  number 
of  English  capitalists  known  as  the  Byrd  Syndicate,  Lmt.,  of  London. 
That  syndicate  made  a  careful  investigation  of  the  property  of  the 
Interstate  Oil  Company,  and  finally  purchased  the  leases  and  19 
producing  wells,  paying  therefor  the  sum  of  $150,000.  The  new  com- 
pany immediately  began  extensive  operations,  and  by  the  close  of 
1900  had  more  than  100  producing  wells  in  operation.  Several  other 
companies  were  formed  soon  after  the  Interstate  Company  sold  its 
territory  and  most  of  the  unleased  land  near  by  was  quickly  taken  up, 
either  by  lease  or  direct  sale. 

In  eastern  Jasper,  western  Pulaski  and  the  counties  to  the  north- 
ward, the  New  Albany  or  Genesee  brown  and  black  shales  immedi- 
ately  underly  the  drift  and  are  encountered  in  sinking  wells  for 
water.     As  already  noted,  these  shales  are  rich  in  bitumens,  both 
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oily  and  gaseous.  In  the  yard  of  J.  P.  De  Selmes,  on  the  northwest 
of  the  northeast  quarter  of  section  34  (31  north,  5  west),  about  a  mile 
northeast  of  the  Swisher  well,  a  bore  sunk  for  water  in  1893  a  few 
feet  into  the  shale  produced  gas  enough  to  supply  several  stoves. 
It  was  used  in  the  cooking  stove  for  six  months,  but  as  no  separator 
was  put  on  to  shut  ofE  the  water  the  latter  finally  found  its  way  into 
the  stove.  In  April,  1900,  the  well,  after  being  primed  and  pumped 
a  few  strokes,  would  flow  water  for  10  or  15  minutes  and  at  the  same 
time  allow  a  large  amount  of  gas  to  escape.  This  when  set  on  fire 
would  bum  with  a  flame  several  feet  high  as  long  as  the  water  flowed. 

The  Corniferous  limestone  or  oil  bearing  rock  underlying  this 
shale  in  the  productive. area  of  Jasper  County  is  a  hard  gray  lime- 
stone which,  in  a  number  of  test  wells  which  have  been  drilled 
through  the  formation,  has  been  found  to  be  approximately  40  feet 
in  thickness.  The  upper  20  feet,  however,  constitutes  the  oil  produc- 
ing portion  of  the  limestone,  and  in  this  20  feet  are  found  several 
bands  or  pay  streaks  of  porous  rock  which  enlarge  into  crevices  with 
considerable  regularity.  These  crevices  are  often  lined  with  pyrites 
of  iron  and  lime  crystals.  Crevices  have  been  found  in  quite  a  num- 
ber of  the  producing  wells  which  were  two  or  three  feet  in  thickness. 
In  case  a  well,  while  being  drilled,  encounters  one  of  these  crevices, 
it  will  often  produce  a  considerable  quantity  of  oil  without  a  shot  of 
nitro-glycerine,  but  almost  without  exception  it  has  been  found  desir- 
able to  place  a  torpedo  of  about  20  quarts  in  such  position  in  the 
formation  as  to  cover  10  or  12  feet  of  rock,  the  result  invariably  being 
to  greatly  increase  the  well's  production.  One  of  the  large  glycerine 
companies  has  a  magazine  in  this  district  and  provides  the  Jasper 
County  producer  with  the  necessary  explosive. 

The  usual  formation  encountered  in  drilling  a  Jasper  County  well 
is  as  follows:  Drift,  consisting  of  sand,  clay  and  loam,  50  feet, 
under  which  is  encountered  a  bed,  45  to  55  feet  in  thickness,  of  close 
grained  black  shale  which  forms  an  impervious  cover  for  the  Cornif- 
erous limestone  reservoir.  This  black  shale  or  slate  does  not  cave 
in  drilling,  it  thus  being  necessary  to  use  but  a  short  length  of  drive 
pipe  to  shut  off  the  drift  formation.  The  operators  use  for  this 
purpose  5f  inch  casing,  and  by  driving  it  a  sufTicient  distance  into 
the  black  shale  shut  off  the  surface  water.  With  the  usual  form  of 
portable  drilling  machine  employed  in  the  »laspcr  County  district,  an 
expert  crew  has  completed  a  bore  in  the  remarkably  short  time  of 
23  hours  actual  drilling  time,  it  thus  being  evident  that  the  cost  of  a 
well  is  a  very  small  sum. 


THE   PETBOLEUM   INDUSTRY  IN   INDIANA.  525 

The  oil  obtained  is  unlike  any  other  product  found  in  the  Ohio 
and  Indiana  oil  districts,  it  being  of  a  black  or  very  dark  green  color 
and  of  a  gravity  which  ranges  from  17  to  21.  Its  thickness  and  low 
gravity  is  without  doubt  largely  due  to  the  shallow  depth  at  which 
it  is  found,  the  more  volatile  portions  having  long  since  escaped 
through  their  overlying  formations.  The  oil  on  examination  is  found 
to  have  a  cold  test  of  about  zero  F.  and  a  fire  test  of  over  300°. 
It  has  a  good  viscosity  test  and  is  universally  used  throughout  the 
Jasper  County  district  for  lubricating  purposes.  It  is  associated  with 
a  strong  sulphur  water  of  which  a  large  amount  is  usually  encoun- 
tered whenever  a  crevice  is  penetrated.  There  is  usually  but  little 
gas  found  in  the  district  except  immediately  upon  the  completion  of 
a  new  well,  when,  for  several  days  following,  a  considerable  quantity 
of  gas  is  often  discharged.  Further  development  may  disclose  an 
area  in  which  gas  will  be  found  in  larger  quantity  and  several  wells 
which  are  expected  to  be  finished  to  the  Trenton  limestone  during 
the  summer  of  1901  may  develop  gas  or  oil  horizons  in  the  two  pro- 
ducing formations  lying  under  the  Corniferous  limestone,  namely: 
the  Clinton  formation,  producing  oil  in  small  quantities,  10  miles 
southwest  of  the  Jasper  County  development,  and  the  Trenton  lime- 
stone. 

There  has  been  but  little  excitement  shown  in  the  development 
of  the  Jasper  County  field,  due  to  the  fact  that  the  territory  is 
controlled  in  large  blocks,  thus  largely  eliminating  rivalry  between 
owners  of  the  adjacent  properties  such  as  furnishes  the  activity  so 
noticeable  in  the  Trenton  limestone  areas  of  Indiana.  Moreover,  the 
wells  are  generally  small  producers,  running  only  from  two  to  five 
barrels  each.  This,  however,  is  not  always  the  case,  as  several  wells 
drilled  on  the  Syndicate's  properties  in  section  28  (31  north,  5  west), 
Walker  Township,  and  in  sf^ction  33  (31  north,  5  west),  Oillam  Town- 
ship, liavinf(  resulted  in  producers  whose  first  day's  output  ranged 
from  10  to  100  barrels  or  more.  The  largest  well  completed  in  the 
district  is  on  the  south  half  of  the  southwest  quarter  section  28, 
WalkcT  Township.  This  well,  when  completed,  without  a  shot,  gave 
a  yield  of  approximately  200  barrels  in  24  hours  when  pumped  in  a 
rather  primitive  manner  with  one  of  the  drilling  machines.  It  is 
(juite  ])()ssible  that  this  well  would  have  yit^lded  a  much  larger  amount 
liad  it  been  pumped  with  a  standard  ])umping  rig  such  as  is  used  in 
the  deeper  territory  of  the  State. 

Outside  of  the  immediate  vicinity  of  the  first  producing  well,  other 
drilling  has  been  done  as  follows:  On  the  W.  Austin  farm,  one  and 
a  quarter  miles  southwest  of  Wheatfield,  northeast  quarter  section 
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35  (32  north,  6  west)  a  bore  was  sunk  to  a  depth  of  203  feet  in 
January,  1900.  It  is  claimed  that  no  black  shale  was  encountered  and 
only  a  strong  flow  of  sulphur  water  resulted,  the  vein  of  which  was 
struck  in  limestone  at  a  depth  of  185  feet. 

On  the  John  Perry  farm,  two  miles  southeast  of  Wheatfield,  a  bore 
found  the  oil  bearing  stratum  at  a  depth  of  105  feet,  and  a  fair 
producing  well  resulted.  A  bore  which  produced  gas  only  was  sunk 
on  the  J.  A.  Campbell  farm,  northeast  quarter  of  section  33  (31 
north,  5  west). 

Three  and  a  half  miles  west  of  San  Pierre,  on  the  banks  of  the 
Kankakee  River,  two  or  three  light  producing  wells  have  been  devel- 
oped on  the  farm  of  M.  S.  Rogers.  The  oil  from  these  wells  has  the 
lowest  gravity  of  any  in  the  field,  and  the  color  is  dark  green  rather 
than  black. 

In  Railroad  Township,  Starke  County,  two  or  three  bores  were 
sunk  which  produced  only  a  showing  of  oil.  A  bore  with  similar 
results  was  drilled  a  mile  south  of  Medarysville  on  the  land  of  E.  C. 
Williams. 

Three  and  a  half  miles  southeast  of  the  main  producing  area,  on 
the  land  of  James  A.  Low,  section  11  (30  north,  5  west),  a  bore  was 
drilled  in  June,  1900,  to  a  depth  of  700  feet.  The  oil  producing 
rock  was  struck  at  125  feet,  but  was  barren. 

In  the  immediate  vicinity  of  San  Pierre  several  fairly  productive 
wells  have  been  completed.  Thd  first  one  sunk  was  on  section  9  (32 
north,  4  west).  In  it  considerable  gas  with  traces  of  oil  wais  found, 
but  at  a  depth  of  about  125  feet  a  strong  vein  of  sulphur  water  was 
encountered  which  produced  a  flowing  well.  In  a  second  bore  in  sec- 
tion 18,  one  and  a  half  miles  southwest  of  No.  1,  oil  was  stru(»k  at 
122  feet,  a  STnall  producing  well  resulting.  Two  or  three  other  bores 
were  put  down  in  the  vicinity  of  San  Pierre  which  {)roduced  oil,  but 
no  accurate  record  of  them  has  been  secured. 

According  to  ^Ir.  MacFadden,  the  total  estimated  daily  production 
of  Jasper  County  at  the  close  of  the  year  1900,  was  approximately 
400  l)arrels.  The  actual  daily  production  possible  is  unknown,  due 
to  the  fact  that  a  market  for  the  oil  is  as  yet  wanting,  although  pipe 
line  service  will  be  installed  during  the  summer  of  1901.  It  is  doubt- 
ful, however,  if  tbe  oil  can  ever  be  freely  moved  by  means  of  j)ipe 
lines  on  account  of  its  thickness  and  heavy  weight.  What  bas  been 
sold  was  hauled  in  barrels  to  the  railwav  stations  and  is  stiid  to  have 
brought  $5.00  to  $5.50  a  barrel  for  lubricating  purposes.  After  the 
sediment  is  removed  but  little  difference  is  said  to  exist  between  it 
and  the  Mecca,  Trumbull  Co.,  Ohio,  lubricating  oil  which  brings  $10 
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per  barrel  on  the  market.  It  is  claimed  that  a  St.  Louis  firm  has 
purchased  a  quantity  of  the  Jasper  County  product  for  making  an 
artificial  rubber  compound,  the  oil  being  exceedingly  rich  in  asphal- 
tum  and  paraffine  bases. 

There  is  probably  no  oil  field  in  the  world  in  which  the  expense  of 
development  is  as  low  as  in  the  Jasper  County  district.  The  oil  for- 
mation lies  at  an  extremely  shallow  depth  and  the  area  which  has 
been  found  to  be  petroliferous  seems  to  be  fairly  uniform  in  charac- 
ter, reRiilting  in  few  wells  which  will  not  make  paying  producers. 
Notwithsi^mding  the  small  output  of  the  average  well,  the  cheapness 
with  which  the  territory  may  be  operated,  together  with  the  value  of 
the  product,  makes  it  possible  to  operate  at  a  profit  wells  which 
produce  but  one  or  two  barrels  daily  and  it  may  be  confidently  ex- 
pected that  the  life  of  the  wells  will  compare  favorably  with  the 
development  in  the  Corniferous  limestone  formation  in  the  Canadian 
oil  fields,  where  many  wells  have  produced  oil  in  paying  quantities 
for  the  past  25  years.  There  is  little  doubt  but  that  the  productive 
territory  will  eventually  be  found  to  extend  over  a  large  area  to 
the  north  and  northwestward  of  present  development.  Tn  many 
localities  to  the  southward,  a  little  west  of  the  line  of  out^Top  of  the 
black  Genesee  shale,  the  porous  Corniferous  limestone  doubtless 
occurs.  The  chances  are  that  in  these  localities  wells  producing  oil 
similar  to  that  of  the  Jasper  (^ounty  field  will  be  drilled  in  the  future 
but  tlii'ir  output  will  never  be  large. 

4c        4<        4<        4<        >l(        >l(        4< 

During  my  trips  over  the  petroleum  fields  of  Indiana  in  the  spring 
and  autumn  of  11)00,  much  data  was  furnished  for  the  foregoing 
paper  and  other  assistance  rendered  by  the  following  persons,  to 
wliom  especial  acknowledgments  are  due:  James  McCormick,  of 
Hartford  City;  A.  S.  Hunt  and  Alex.  McDonald,  of  Montpelier;  L.  C. 
Davenport,  of  IJluffton;  Matthew  McCormick,  of  Warren;  J.  C.  Ixjach, 
of  Kokomo;  Clias.  Tx)ckwood,  of  Peru;  C.  K.  MacFadden  and  Jas.  IT. 
Hardison,  of  (ieneva:  Henj.  Fulton,  of  l^ortland;  Dr.  A.  W.  Porter, 
of  Loogootee,  aiul  W.  B.  McNeil,  of  Wheatfield. 
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INTRODUCTION. 


The  siiuly  of  the  Devonian  faunas  of  Indiana  was  begun  by  the 
writer  independently  of  the  State  Survey,  and  a  preliminary  report 
on  the  results  aeeomplished  was  published*  in  the  spring  of  1899. 
ITie  generous  assistance  of  State  Geologist  Blatehley  has  made  it  pos- 
sible to  continue  the  work  thus  begun,  and  the  field  work  has  been 
extended  to  the  northern  Indiana  Devonian,  about  which  but  little 
has  heretofore  been  known.  The  work  on  the  northern  Devonian 
has  about  doubled  the  number  of  species  previously  known  from  the 
Devonian  black  shale  of  the  State,  and  has  brought  to  light  a  new 
fauna  in  the  Devonian  limestone. 

In  preparing  the  accompanying  report,  the  writer  has  kept  in  mind 
the  needs  of  Indiana  students  who  may  wish  to  become  acquainted 
with  the  interesting  faunas  of  our  Devonian  rocks.  The  specialist 
in  paleontology  will  probably  find  little  use  for  the  artificial  keys  to 
species  which  have  been  prepared,  but  it  is  believed  that  they  will 
])e  helpful  to  the  beginner.  Frequent  quotations  from  other  writers 
have  been  made  for  a  similar  reason,  as  it  is  expected  that  many  of 
those  who  will  use  this  re])ort  will  not  have  access  to  an  extensive 
reference  library,  and  for  their  convenience  the  descriptions  of  Hall, 
Meek  and  others  have  been  fully  quoted  wherever  the  material  at 
hand  did  not  permit  of  so  full  or  complete  a  description  as  had  been 
published  elsewhere.  It  has  also  seemed  desirable  to  quote  Hall's 
original  descriptions  in  many  cases  of  species  which  were  described 
from  Indiana  specimens.  In  all  such  cases  any  new  o])servations  or 
variations  from  the  description  quoted  have  been  noted  after  it. 

The  publication  of  such  papers  as  Schuchert's  work  on  th(»  Rrachio- 
j)oda  seems  to  render  it  unnecessary  to  give  the  synonymy  of  species 
in  a  paper  of  this  kind.  For  the  sake  of  convenient  reference  to 
other  figures  and  descriptions,  however,  one  or  two  citations  are 
usually  given  after  each  species. 

In  addition  to  the  collections  of  the  State  Museum  and  those  made 
for  the  State  survey,  the  writer  has  had  access  to  the  splendid  private 
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collection  of  Mr.  G.  K.  Greene  during  the  preparation  of  this  report. 
To  Mr.  Greene's  generosity  he  is  indebted  for  the  use  of  many  of  the 
specimens  here  figured.  Mr.  Taylor,  of  Hanover,  and  Mr.  John 
Powers,  of  Lexington,  have  also  kindly  loaned  specimens  for  study. 
Special  acknowledgment  is  due  to  Prof.  H.  S.  Williams  and  to  Dr. 
John  M.  Clarke,  to  whom  a  few  specimens  were  referred  for  identifi- 
cation or  comparison  with  types.  To  Dr.  Geo.  H.  Girty,  Prof.  H.  S. 
Williams  and  Dr.  H.  F.  Cleland  I  am  indebted  for  the  privilege  of 
examining  specimens  belonging  to  the  United  States  Geological 
Survey.  The  drawings  for  the  plates  were  made  by  Dr.  J.  C.  MeCon- 
iiell  of  Washington,  D.  C. 

PART  I.— STRATIGRAPHY  AND  FAUNAS. 

GEOGRAPHICAL  DISTRIBUTION  OP  THE  DEVONIAN. 

A  large  part  of  the  Devonian  rocks  of  Indiana  are  deeply  covered 
by  the  drift.  With  the  exception  of  two  somewhat  widely  separated 
districts,  the  Devonian  formation  throughout  the  northern  two-thirds 
of  the  State  are  buried  under  a  mantle  of  Drift  which  varies  in  thick- 
ness from  50  to  400  feet.  The  Devonian  rocks  which  are  not  com- 
pletely covered  by  the  deposits  of  the  Drift  may,  for  convenience  of 
discussion,  be  referred  to  three  geographical  areas.  These  districts 
in  which  Devonian  rocks  may  be  studied  are  separated  from  each 
other  i>y  considerable  areas  in  which  no  outcrops  of  the  Devonian 
occur.  They  will  be  designated  as  the  Wabash  area,  the  Pendleton 
area  and  the  Southern  Indiana  area. 

The  attenuated  character  of  the  Drift  in  the  southern  part  of  the 
State  permits  of  frequent  outcrops  of  the  Devonian  rocks  for  a  dis- 
tance of  8o  miles  north  of  the  Ohio.  The  portion  of  the  Devonian 
belt  outcropping  from  the  Ohio  River  to  the  southern  part  of  John- 
son and  Shelby  counties  comprises  the  Southern  Indiana  area. 

The  nearest  Devonian  outcrops  to  the  north  of  the  Southern  Indi- 
ana area  are  those  of  the  Pendleton  area,  about  45  miles  to  the  north 
of  the  Johnson  and  Shelby  county  sections.  About  75  miles  to  the 
northwest  of  Pendleton,  Devonian  rocks  are  again  found  outcropping 
through  the  Drift  along  the  Wabash  River.  The  outcrops  of  the 
Wabash  area  are  not  verv  numerous,  and  are  confined  to  a  narrow 
strip  of  country  10  or  15  miles  wide  on  either  side  of  the  river,  ex- 
tending from  near  Peru  to  Delphi,  a  distance  of  35  or  40  miles. 

Drill  records  indicate  that  the  Devonian  rocks  lie  immediately 
l)elow  the  Drift  over  a  continuous  belt  of  country  corresponding  in 
direction  with  the  general  strike  of  the  rocks,  and  extending  from 
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the  Falls  of  the  Ohio  to  Lake  Michigan.  The  drill  has  also  indicated 
the  presence  of  a  belt  of  Devonian  rocks  extending  east  and  west 
across  the  northern  end  of  the  State.  With  the  Sub-Quaternary 
Devonian,  however,  we  are  not  concerned  except  to  point  out  that  the 
areas  above  referred  to  do  not  represent  isolated  Devonian  deposits. 

THE  SOUTHERN  INDIANA  AREA. 

STRATIORAPHIC   NOMKNCI.ATVRE. 

Previous  studies  of  the  Devonian  faunas  and  stratigraphy  in  Indi- 
ana have  nearly  all  related  to  the  southern  Indiana  area.*  The 
stratigraphic  names  which  have  been  used  and  the  correllations 
which  have  been  made  apply  directly,  therefore,  to  the  Devonian  as 
developed  in  southern  Indiana. 

New  Albany  shale. — This  formation  is  extensively  exposed  along  the 
bank  of  the  Ohio  River  in  the  vicinity  of  New  Albany.  It  consists 
there  of  a  fissile  black  shale,  having  a  thickness  of  about  100  feet  and 
showing  but  little  variation  from  top  to  bottom.  It  rests  upon  the  De- 
vonian limestone  and  is  terminated  above  by  the  Rockford  limestone, 
^rhe  shale  carries  a  considerable  amount  of  bituminous  matter,  and 
occasionally  thin  sheets  of  pure  bitumen  are  seen  between  the  layers 
of  shale.  The  shale  shows  a  uniform  black  color  on  fresh  surfaces  and 
scarcely  any  variation  in  lithological  characters  in  the  southern  Indi- 
ana area.  This  uniformity  in  lithological  characters  does  not  hold  in 
the  northern  part  of  the  St^ite,  however,  as  will  be  shown  later. 

Mr.  Wni.  B.  Borden  was  the  first  to  propose  a  local  geographical 
name  for  the  formation.  In  his  report  on  Clark  and  Floyd  counties 
in  1873f  Mr.  Borden  designated  this  formation  as  the  "Now  Albany 
black  slate."  In  the  same  report  the  author  states  that  '^it  outcrops 
on  the  Wabash  River  at  Delphi,"  Carroll  County,  Ind.  This  forma- 
tion is  not  a  slate,  and  in  the  later  reports  of  the  State  Geologist  it 
has  usually  been  railed  the  New  Albany  black  shale.  It  seems  best 
to  drop  the  qualifying  term  ^'black"  in  using  this  stratigraphic  name 
because  the  formation  in  Indiana  is  not  alwavs  black  and  is  fre- 
quently  composed  in  part  of  })rown  or  drab  c^olored  shale  in  the 
northern  part  of  the  State.  The  following  section  taken  near  Delphi, 
one  of  the  localities  mentioned  by  Mr.  Borden  in  proposing  the  term 
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*For  a  review  of  the  literature  relating  to  the  Devonian  in  Indiana  see  Bull.  Am.  Pa). 
No.  12,1899,  pp.  88-97.  and  the  paper  by  Mr.  Siebenthal  in  another  part  of  this  report:  alto 
"  Bibliography  of  Indiana  Paleontology,"  by  E.  M.  Kindle,  22d  Ann.  Rep.  Dept.  Oeol.  and 
Nat.  Rei.  of  Ind.,  1897,  pp.  488-614. 

t  Fifth  Ann.  Rep.  Oeol.  Sarv.  of  Ind.,  187:^,  p.  158. 
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New  Albany  black  slate,"  illustrates  the  objection  to  the  word  black 
when  applied  to  this  formation: 

Ft  In. 

1.  Drift 7 

2.  Bluish  black  shale,  sheety  aud  tough 45 

3.  Drab  grayish  colored  slightly  sandy  shale 4  6 

4.  Band  of  gray  colored  concretions 6  14 

5.  Drab  colored  sandy  shale 10  6 

6.  Bluish  gray  sandstone 4  10 

7.  Drab  colored  sandy  shale 5  G 

8.  Covered   8(?)  .. 

Devonian  limestone. 

The  section  of  a  well  at  South  Bend  shows  25  feet  of  brown  shale* 
which  corresponds  stratigraphically  to  the  drab  shale  of  the  above 
section. 

In  the  southern  Indiana  area  the  New  Albany  shale  is  very  fre- 
quently separated  from  the  limestone  below  it  by  a  band  of  red  clay 
and  limestone  pebbles  associated  with  iron  ore.  This  ferruginous 
clay  and  conglomeritic  band  has  usually  a  thickness  of  from  one  to 
four  inches.  Fish  teeth  are  frequently  abundant  in  the  limestone  just 
below  the  clay  band. 

The  Rockford  limestone  is  present  at  every  point  where  the  top  of 
the  New  Albany  shale  has  been  observed  in  southern  Indiana.  It  is 
a  ferruginous  limestone  of  brownish  or  greenish  gray  color,  usually 
from  one  to  three  feet  in  thickness. 

SeUcrsburg  beds. — In  a  paper  published'  by  the  writer  in  1899f  the 
Devonian  limestones  in  the  vicinitv  of  the  Falls  of  the  Ohio  were  rec- 
ognized  as  representing  two  distinct  formations,  which  were  named 
the  Sellersburg  beds  and  the  Jefferson ville  limestone. f  The  Sellers- 
luirg  beds  constitute  the  uppermost  of  chese  two  formations  and 
"include  the  beds  irom  the  New  Albany  shale  down  to  the  lowest 
beds  worked  at  the  cement  quarries."!  Tlie  Sellersburg  beds  com- 
prise a  bed  of  fine  grained  argillaceous  drab  grayish  colored  limestone 
whieli  is  extensively  quarried  in  the  vicinity  of  Sellersburg  for  ce- 
ment, and  a  thin  bed  of  light  gray  or  bluish  crystalline  limestone 
above  it.  The  lower  drab  colored  *'cement  rock"  has  a  thickness  of 
from  six  to  20  feet  in  Clark  and  Scott  counties,  and  does  not  vary 
greatly  in  lithological  characters  in  the  region  between  Lexington 
and   JefTersonville.     The   upper   limestone,   where   it   can   be   dis- 

*  Eleventh  Ann.  Rep.  U.  S.  Geol.  Surv.,  1889-<K),  i>.  738. 

tBull.  Anier.  l*al.,No.l2,  p.8. 

I  BuH.  Amer.  Pal.,  No.  12,  pp.  1-111. 
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tinguished  from  the  "cement  rock/*  usually  has  a  thickness  of  from 
five  to  eight  feet.  It  shows  considerable  variation  in  lithological 
characters,  and  in  some  localities  is  absent  or  can  not  be  distinguished 
from  the  "cement."  At  the  cement  quarry,  one  and  a  half  miles 
south  of  Charlestown,  the  two  divisions  of  the  Sellersburg  beds  are 
sharply  differentiated  as  shown  in  the  following  section: 

Ft.  In. 

1.  Red  clay  with  fragments  of  black  shale 2 

2.  Crystalline  white  or  light  grray  crlnoidal  limestone    (5 

3.  Coarse-grained  blue  limestone,  fuU  of  small  black 

pebbles 8 

4.  Dray  gray  fine-grained  limestone 9 

lliree  miles  to  the  north  of  the  above  quarry  at  the  quarry  of  the 
Standard  Cement  Company  we  find  the  following  section: 

Ft,  In. 

1.  Surface  clay 4  to    5 

2.  Black   shale 1 

3.  Gray  to  black  conglomerate  with  black  pebbles 

and   chert 3  to  15 

4.  Hard  bluish  drab  fine-grained  arenaceous  lime- 

stone with  much  chert 7 

5.  Drab  colored  arenaceous  limestone  without  chert.     2 
(J.    Drab    colored    arenaceous    limestone    with    light 

colored  concretions  of  chert 1  G 

7.    Drab  colored  arenaceous  limestone  free  from  chert    6 

It  will  be  seen  from  the  above  section  that  no  very  satisfactory 
stratigraphic  division  of  the  Sellersburg  beds  as  here  developed  can 
be  made.  The  same  is  true  of  the  section  exposed  at  the  quarry  of 
the  Ohio  Kiver  Cement  Company. 

The  outcrop  along  a  small  stream  about  one  mile  west  of  Oregon 
shows  the  "cement  rock''  direotlv  under  the  New  Albanv  shale  at 
some  points,  while  at  others  a  light  gray  crinoidal  limestone  separates 
tliem.  Where  typically  developed  this  upper  limestone  often  has  a 
groat  abundance  of  crinoids.  At  the  Falls  of  the  Ohio  it  was  dis- 
tinguished by  Lyon*  as  the  "encrinital  limestone."  The  local  char- 
acter of  this  limestone  in  its  typical  development,  however,  seemed  to 
make  it  pref(*ral)le  to  include  it  with  the  "cement  rock"  under  the 
name  of  the  Sellersburg  beds.  About  35  miles  north  of  the  Falls  of 
the  Ohio  the  Sellersburg  beds  lose  their  characteristic  lithological 
features  and  can  not  be  distinguished  from  the  Jeflfersonville  lime- 


^ Trans.  St.  L.  Acad.  Sci.,  Vol.  1, 1859-60,  pp.  612-622. 


DEVONIAN   FOSSILS  AND  STBATIGRAPHT  OF  INDIANA.  535 

stone.  This  blending  of  the  physical  features  of  the  two  formations 
is  accompanied  by  a  mingling  of  their  two  faunas,  as  will  be  pointed 
out  in  detail  later. 

Jeffersonville  limestone, — The  JeflFersonville  limestone  is  the  lowest 
formation  of  the  Devonian  as  developed  at  the  Falls  of  the  Ohio.  It 
is  the  "limestone  lying  between  the  Sellersburg  beds  and  the 
Catenipora  beds  of  the  Niagara."*  This  formation  has,  perhaps,  its 
most  typical  development  at  the  Falls  of  the  Ohio  just  below  the  city 
of  Jeffersonville.  It  shows  a  continuous  outcrop  along  the  north 
bank  of  the  river  from  the  Pennsylvania  Railway  bridge  at  Jefferson- 
ville to  the  upper  end  of  the  Government  dyke  below  Whirlpool 
point.  At  the  latter  locality  the  Jeffersonville  limestone  is  overlain 
by  about  eight  or  10  inches  of  the  bluish  drab  arenaceous  limestone  of 
the  Sellersburg  beds.  The  Jeffersonville  limestone  has  a  thickness 
of  about  20  feet  at  the  Falls  of  the  Ohio.  It  is  a  gray  or  bluish  gray 
crystalline  or  subcrystalline  limestone,  occurring  both  as  a  massive 
and  a  thinly  stratified  limestone. 

The  fossil  coral  reef  for  which  the  Falls  of  the  Ohio  have  long  been 
noted,  occurs  in  the  lower  part  of  this  formation.  Spirifer  acumi- 
natus  and  Spirifer  gregarius  are  abundant  and  characteristic  fossils 
of  the  upper  pori:ion  of  the  formation.  The  upper  beds  of  the  Ni- 
agara or  the  Louisville  limestone  of  Foerste  lie  immediately  below 
the  Jeffersonville  limestone.  The  lower  part  of  the  latter  and  the 
Louisville  limestone  are  well  exposed  in  the  Bear  Grass  Creek  quar- 
ries just  east  of  Louisville,  Ky.  The  section  exposed  at  tlie  west 
quarry  shows: 

1.  White  to  light  gray  limestone  (JeflPersonville  lime- 

stone)     10  feet. 

2.  Light    bluish    gray   argillaceous    limestone    (Louis- 

ville limestone) 35  feet. 

Geneva  limestone, — North  of  the  Falls  of  the  Ohio  10  or  15  miles, 
sections  which  include  the  Lower  Devonian  and  Niagara  rocks  begin 
io  show  a  thin  bed  of  rather  soft,  dark  buff  to  brownish  fine  grained 
magnesian  limestone.  This  formation  lies  between  the  Jeffersonville 
limestone  and  the  Niagara  or  liouisville  limestone.  It  thickens  grad- 
ually toward  the  noriih  and  reaches  its  maximum  development  along 
Flat  Rock  Creek. 

The  Geneva  limestone  is  generally  a  massive  light  buff  to  chocolate 
brown  saccharoidal  magnesian  limestone.     It  varies  in  lithological 

*  Bull.  Amer.  Pal.,  No.  12, 1899,  p.  8. 
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characters,  however.  Along  Wyloosing  Creek,  in  Jennings  County, 
it  is  in  part  a  very  hard  siliceous  limestone  and  was  used  at  one  time 
for  mill  stones. 

The  southernmost  point  at  which  I  have  recognized  it  is  at  the 
roadside  one  quarter  of  a  mile  east  of  Charlestown  in  the  following 
section: 

1.  Bluish  drab  impure  limestone 4  feet. 

2.  Gray  subcrystalllne  limestone 5  feet. 

3.  Dark  buflP,  rather  soft  magnesian  limestone  (Geneva 

limestone)  3  feet. 

4.  Bufflsh   argillaceous   hard  limestone  with  Halyaites 

catenulatvs  near  the  top 25  feet. 

About  10  miles  further  north  the  dark  buff  magnesian  limestone 
has  a  thickness  of  seven  feet  near  the  sulphur  spring,  northwest  of 
New  Washington.  In  the  vicinity  of  Vernon  it  has  attained  a  thick- 
ness of  20  feet  or  more.  Along  the  banks  of  Flat  Rock  Creek,  which 
is  about  eighty-five  miles  north  of  the  Falls  of  the  Ohio,  it  has  a 
thickness  of  about  30  feet. 

The  name  Geneva  limestone  was  first  used  by  Collett  in  his  report 
on  the  geology  of  Shelby  County.*  The  term  as  used  by  Collett  in- 
cluded the  buff  or  light  chocolate  colored  magnesian  limestones  ex- 
posed along  Flat  l?ock  Creek  in  the  vicinity  of  Geneva.  Fossils  are 
extremely  rare  at  most  localities  in  this  formation  and  occur  usually 
as  casts  when  found.  Collett  referred  the  Geneva  limestone  to  the 
Corniferous,  but  without  presenting  any  paleontological  evidence  of 
its  Devonian  age.  The  ''Rubble  stone  of  Waldron"  lying  between  it 
and  the  Waldron  shale  Collett  referred  doubtfully  to  the  Corniferous. 
The  fossils  collected  by  the  writer  from  the  Geneva  limestone  leave 
no  doubt  as  to  its  Devonian  age.  Xo  fossils  have  been  obtained  from 
the  limestone  lying  between  the  Waldron  shale  and  the  Geneva  lime- 
stone, but  the  unconformity  which  exists  between  the  latter  and  the 
six  or  eight  feet  of  hard  gray  limestone  below  it  makes  it  extremely 
probable  that  the  latter  belongs  to  the  Xiagara. 

Mr.  i'^oerstef  correlates  the  limestone  immediatclv  above*  the  Wal- 
dron  shale  with  the  Louisville  limestone,  lie  proposed  for  the  beds 
above  the  unconformity  ,  which  was  first  recognized  by  him,  the  name 
'^Shelby  bed.'^  This  term  appears  to  be  a  synonym  for  Collett^s 
Geneva  limestone.  The  latter  term  was  published  sixteen  years 
earlier  than  the  name  proposed  by  Foerste,  and  by  the  rule  of  prior- 
ity the  term  ^^Shelby  bed^^  must  be  referred  to  the  synonymy  of  the 
Geneva  limestone. 


*  Eleventh  Ann.  Rep.  Ind.  Dep.  Geol.  and  Nat.  Hist.,  pp.  63, 78, 81, 82. 
1 22d  Ann.  Rep.  Ind.  Dep.  Qeol.  and  Nat.  Res.,  pp.  234-235. 
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Mr.  Foerste  expressed  some  doubt  as  to  the  age  of  the  four  or  five 
feet  of  limestone  immediately  overlying  the  Waldron  shale  in  the 
vicinity  of  Ilartsville.f  Mr.  Price,  in  the  area  covered  by  his  report, 
has  used  the  local  name  "Hartsville  bed^J  or  "Hartsville  ledge^'H  for 
this  bed. 

The  observations  of  the  writer  lead  him  to  correlate  this  bed  in  the 
vicinity  of  Harts ville  on  stratigraphic  grounds  with  the  Louisville 
limestone. 

The  strong  development  of  the  Geneva  limestone  in  the  north- 
ern part  of  the  southern  Indiana  area  is  accompanied  by  a  corre- 
sponding thinning  of  the  Sellersburg  beds  and  JeflFersonville  lime- 
stone. These  two  formations  can  not  be  distinguished  in  Barthol- 
omew County  and  their  total  thickness  does  not  generally  exceed 
ten  feet.  The  rocks  of  these  two  formations  do  not  outcrop  along 
Flat  Rock,  and  if  present,  they  are  buried  under  the  Drift.  Their 
greatly  reduced  thickness  in  the  nearest  sections  to  the  south  make  it 
probable  that  the  dolomitic  Geneva  limestone  has  entirely  supplanted 
them  in  the  Flat  Rock  Creek  sections. 

SECmONS. 

Ilie  Ohio  Falls  Section. — At  low  water  the  entire  Devonian  section 
is  exposed  in  the  bed  and  the  north  bank  of  the  Ohio  between  Jeffer- 
sonville  and  the  lower  part  of  New  Albany.  The  direction  of  the 
river  here  is  normal  to  the  strike  of  the  rocks.  The  rapids  known  as 
the  "Falls  of  the  Ohio"  occur  where  the  river  crosses  the  Devonian 
liiiiestonc. 

The  Xew  Albany  shale  forms  a  continuous  outcrop  along  the  river 
from  ncjir  the  lower  end  of  New  Albany  for  about  three-quarters  of 
a  111  lit'.  Between  the  waterworks  puui])ing  station  and  the  mouth  of 
Falling'  Run,  the  shale  extends  from  20  to  30  feet  above  low  water 
and  the  exposure  extends  back  from  the  water  80  to  190  feet.  The 
shale  here  is  eut  by  a  very  regular  set  of  east  and  west  joints,  nine- 
ieiiths  of  which  run  within  5  or  (>  degrees  of  due  east  and  west.  Oc- 
casionally a  joint  diverges  from  an  east  and  west  line  as  much  as  20 
degrees.  The  joints  are  usually  from  0  to  18  feet  apart.  Sometimes 
they  are  much  closer,  and  rarely  they  converge,  cutting  out  a  wedge- 
sliaj)ed  section  of  shale.  There  is  also  a  set  of  north  and  south  joints, 
but  th(»y  are  not  so  regular  and  well  developed  at  this  locality  as  the 
others. 


t22d  Ann.  Rep.  Ind.  Dep.  Geol.  and  Nat.  Rea  ,  p.  241. 
4:24th  Ann.  Rep.  Ind.  Dep.  Geol.  and  Nat.  Res.,  p.  111. 
1 24th  Ann.  Rep.  Ind.  Dep.  Geol.  and  Nat.  Rei.,  p.  125. 
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Above  the  pumping  station  the  New  Albany  shale  is  hidden  by 
alluvium  almost  to  the  K.  &  1.  bridge.  The  shale  outcrop  begins 
again  ju8t  below  the  K.  &  I.  bridge  and  continues  almost  to  the 
mouth  of  Silver  Creek.  At  the  north  end  of  the  Government  dam 
above  Silver  Creek  an  isolated  outcrop  of  the  shale  occurs  in  the  river 
bed  which  shows  the  lowest  layer  in  the  New  Albany  shale.  Here 
certain  layers  of  the  tough  black  shale  contain  great  numbers  of 
Schizoholvs  concentricus. 

At  low  water  a  considerable  area  of  limestone  is  exposed  on  each 
side  of  the  Government  dam  above  the  mouth  of  Silver  Creek. 
Nearly  all  of  the  rock  here  exposed  belongs  to  the  highest  division 
of  the  Sellersburg  beds  or  the  "Encrinital  limestone"  of  Lyon. 
Crinoid  heads  occur  in  this  limestone  in  great  abundance,  together 
with  corals  and  a  few  brachiopods.  The  thickness  of  the  bed  is 
probably  not  more  than  four  feet.  This  bed  extends  from  the  In- 
diana side  to  Sand  Island.  At  the  upper  edge  of  the  outcrop  above 
Sand  Island  the  "cement  rock"  is  exposed,  Ijnng  just  below  the  gray 
crinoidal  limestone. 

The  rise  of  the  strata  toward  the  east  brings  to  view  the  lower 
part  of  the  Sellersburg  beds  and  the  upper  part  of  the  Jeffersonville 
limestone  at  a  point  about  200  yards  below  the  lower  end  of  the 
Government  jetty.    The  section  exposed  here  shows: 

1.  Bluish  drab  arenaceous  limestone— "cement  rock," 

(Sellersburg   beds) 3  feet. 

2.  Bluish  prray,  subcrystalline  limestone  (JeflfersouviUe 

limestone)   7  feet. 

At  the  upper  end  of  the  jetty  the  section  exposed  in  the  river  bank 

shows: 

Ft.         In. 

1.  **Cement  roclc"  (SellerHburj?:  l)eds) -8 

2.  Massive  gray   limestone 6 

3.  Blue  to  gray  limestone  in  strata  10  inches  to  3 

feet   thick G 

Spirifer  acuminatus  is  a  common  fot^sil  in  No.  2  of  this  section, 
which  belongs  to  the  upper  part  of  the  Jeffersonville  limestone. 

In  a  previous  paper*  by  the  writer  it  was  proposed  to  designate  the 
fauna  of  the  JefPersonville  limestone  as  the  Spirifer  aruminafus 
zone  of  the  P^odevonian.  liater  studies  of  the  geologic  range  and 
geographic  distribution  of  the  Devonian  species  of  the  State  have 
seemed  to  fully  justify  the  selection  of  this  species  for  that  purpose. 

*  Bull.  Am.  Pal.,  No.  12,  p.  110. 
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In  the  section  at  the  Falls  of  the  Ohio,  however,  this  species  appears 
to  be  limited  to  the  upper  part  of  the  JeflFersonville  limestone. 
Spirifer  gregarius  is  the  most  abundant  species  in  the  middle  beds 
of  the  Jeffersonville  limestone  at  the  Falls  of  the  Ohio,  while  the 
lower  beds  are,  for  the  most  part,  a  mass  of  corals.  A  band  of  lime- 
stone five  or  six  inches  in  thickness  is  made  up  almost  exclusively  of 
the  silicified  shells  of  Sp,  gregarius.  It  may  be  traced  almost  con- 
tinuously for  more  than  half  a  mile  along  the  outcrop  on  the  north 
bank  of  the  river  above  the  jetty.  At  Whirlpool  point  it  is  about  10 
or  12  feet  above  low  water. 

Near  the  upper  end  of  the  Government  jetty  the  following  fossils 
were  obtained  from  three  feet  of  the  lowest  limestone  exposed  at 
low  water: 

Pentamerella  arata  r. ,  Spirifer  gregarius  r. ,  Spirifer  varico9U8  r. ,  Strophe- 
odonta  demissa,  Stropheadonta  perplana  r. ,  Eunella  linddaeni,  Modiomorpha 
mytdoides  r. ,  Holopea  sp  ,  Pleurptomaria  sp. ,  r. ,  Proetua  crasmnarginatua  c. , 
Proetus  microgemma  r.,  Conocardium  cuneus  a  ,  BhihrophyUum  sp.,  c, 
Fawsites  hemisphericus  c. ,  ZaphrerUis  gigarUeus  a. 

The  two  feet  of  hard  gray  limestone  immediately  above  the  bed 
containing  the  above  noted  fossils  shows  the  following  association  of 
species: 

Actino])teria  boydi  r.,  Atrypa  reticularis  c,  Gallonema  bellatulum  c, 
Galhnema  imitaior  ?  c. ,  Clionetes  mucroncdus  c  ,  Conocardium  cuneus  a. , 
Oyatliophyllum  rugosum  c,  Cyrtina  hamiltonensis  r.,  Dalmanites  anehiops 
var.  sorbirinus  r.,  Dalmanites  selenurus  r.  Olyptodesma  oceidentale  r., 
Modiomorpha  a  finis  a. ,  Modixmiorpha  myteloides  a. ,  Schzophoria  striaiula  ?  r., 
Proetus  crassimarginatus  c. ,  Ptychodesma  sp.  r. ,  Orthothetes  chetnungerms 
arctistriatiis  r. ,  Stropheodonta  demissa  c. ,  Stropheodonta  perplana  r. ,  Ihirbo 
shumardl  c. ,  2kiphrentis  giganteus  c. 

About  six  feet  above  the  last  station  the  species  obtained  were: 

Spirifer  acuminaius  c. ,  Atrypa  retieidaris  c,  Chonetes  mueronatus  c, 
Proetus  crassimarginatus'^  c,  Stropheodonta  hemi*pherica  c.  Stropheodonta 
demissa  c. 

The  Jeffersonville  limestone  shows  a  nearly  continuous  outcrop 
from  10  to  15  feet  thick  between  the  Government  jetty  and  the  J., 
M.  &  1.  bridge.  Above  the  bridge  it  continues  to  outcrop  at  low 
water  as  far  up  as  the  end  of  the  upper  bridge. 
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Near  the  head  of  the  mill  race  above  the  J.,  M.  &  I.  bridge  the 
'^cement  roek^^  outcrops  and  the  following  section  is  exposed: 

Ft,  In. 

Bluish   drab    argillaceous   limestone    with    Chonetes 

yandeU<inu8 8 

Hard  blue  limestone  with  Spirifer  acuminatus 6 

Bluish  gray  limestone 6 

Lime  was  formerly  burned  from  the  Jeffcrsonville  limestone  above 
the  J.,  M.  &  I.  bridge. 

On  the  Kentucky  side  of  the  river  the  Sellcrsburg  beds  form  the 
bed  of  the  river  in  the  vicinity  of  the  J.,  M.  &  I.  bridge,  where  they 
are  worked  for  cement.  A  small  amount  of  collecting  here  afforded 
the  following  species: 

Atrypa  reticularis  a,  Chonetes  yandellamis  a,  Leiorht/nchvs  (jtiadricogta- 
tum  c,  Proetas  8p. ,  Spirifer  oiveni  a,  Spirifer  segmeiitxis  c,  Spirif(r  r,  Stro- 
pheodonta  demism 

Cement  quarries. — The  following  lists  of  species  from  the  Sellers- 
burg  beds  represent  the  fauna  of  the  Spirifer  granuUferus  zone: 
The  following  section  is  exposed  at  the  cement  quarry  just  west  of 

Watson: 

Ft.         In. 

1.  Surface  clay 3 

2.  Black   shale 18 

W.    Arenaceous  chorty  limestone 5  18 

4.    "Cement  rocli" 0 

The  species  obtained  from  the  "cement  rock"  (4)  of  the  above 
section  are  the  following: 

Athyris  fuli^nrwtis  a,  Atrypa  reticularis  c,  Chojietei<  yandellanu.^  a,  Spirifer 
hyrnpsl  c,  Spirifer  ijranuliferus  a,  Spirifer  ioivaensis  c,  Spirifer  varicmua  a, 
Stropheodontad^mii<m  \\,  Stropheodonta  hemispherica  v,  FenesteJIa  i^\^.,  Lie/i- 
enalia  sp.  r,  yiichelinia  faviMoidea  r. 

The  residual  clay  from  the  "comeni  rock"  at  the  Watson  quarry 
furnished  the  following  species: 

Athyris  »piriferoides  f  Athyris  fidtonemis,  Atrypa  reticularis  a,  Camaro- 
toechia  conyregata,  Chonetes  yaudellanusf  a.  MeriMla  haskirui ,  Pentagojiia 
unisulcata,  Rhipldomrlla  livia,  Faracyclai<  elliptica,  Phacops  rana,  Schizo- 
phoria  striatulu,  Spirifer  (jrayiuhsuj*,  Spirifr  oweni,  Spirifrr  .^egmentus, 
Spirifer  varicosus,  Zaphrentis  sp. 

At  Speed  &  Co.'s  cement  quarries  near  the  center  of  lot  132  one 
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and  three-quarter  miles  northeast  of  Speed  Station  the  section  ex- 
posed is  given  by  Mr.  Siebenthal  as  follows: 

1.  Soil  2  feet. 

2.  New  Albany  Black  shale 3  feet. 

3.  Black  buckshot  clay 1  foot. 

4.  Soft  buff  arenaceous  rock 1  foot 

Tk  (^enient  rock 16  feet. 

Tho  cement  rock  of  this  section  afforded  the  following  species: 

Chonetes  yandellanus  a,  Atrypa  retictdaris  c,  Orthis  sp.,  Camarotoechia 
tethys  r,  Spirifer  gramdiferus  r,  Spirifer  aegmerU^is  c,  Spirifer  varicoms  r, 
Stropheodonta  demusa  r. 

The  surface  clay  of  this  quarry  furnished  the  following: 

Atliyrisfultonensis  a,  Atrypa  reticularis  a,  Clion^tes  yandellaniis  a,  Crinoid 
stems  a,  Ijoxonema  hydraulicum  r,  Proetus  ?  r,  Spirifer  bymesi  r,  Spirifer 
euruteines  r,  Spirifer  granulosus  a,  Spirifer  varicosus  r,  Stropheodonta 
demissa  v. 

The  cement  quarry  one  and  one-half  miles  south  of  Charlcstown 

shows  the  following  section: 

Ft.  In. 

1.  Red  clay  with  fragments  of  black  shale 2  to    i^ 

2.  Crystalline    white   or   light  gray   crinoldal   lime- 

stone       (> 

3.  Coarse-grained     blue    limestone     full     of     black 

pebbles 8 

4.  Drab  gray  fine-grained  limestone  (cement  rock). .     0 

The  fauna  of  the  cement  rock  here  does  not  vary  from  that  listed 
in  connection  with  the  section  described  above. 

IJtica. — The  Lower  Devonian  and  Niagara  limestones  are  well  ex- 
posed along  the  river  front  above  Utica.  The  Niagara  limestone 
here  ha.s  long  been  used  for  the  manufacture  of  lime.  The  Utica 
lime  works,  owned  by  J.  B.  Speed  &  Co.,  manufacture  from  5,000  to 
8,000  barrels  per  annum. 

Section  at  the  lime  quarry  north  of  Utica: 

1.  Gray  crystalline  limestone  with  Atrypa  reticularis, 

Stropheodonta  dcinissa  and  crinoid  stems  abundant    (>  feet. 

2.  Gray  limestone  with  Spirifer  gregarius  abundant. .     3  feet. 

3.  Gray  crystalliue  limestone  witli  corals  very  abnn- 

dnnt 10  f(H?t. 

4.  Argilhiceous    bufflsh    elose-grainetl    limestone   with 

Uaiysites  catenulatus  at  the  top 10  feet. 

5.  Hard  blue  limestone 20  feet 
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No.  5  of  the  above  sections  is  used  for  lime.  Nos.  1,  2  and  3  belong 
to  the  Jeflfersonville  limestone,  while  4  and  5  represent  the  Louisville 
limestone  (Niagara).  The  limestone  here  is  said  to  make  a  good 
building  stone  as  well  as  good  lime.  The  piers  of  the  J.,  M.  &  I. 
bridge  were  built  in  part  of  stone  from  the  TJtiea  quarries. 

The  Sellersburg  beds  are  not  exposed  at  the  quarries.  The  old 
fields  to  the  north  and  west  of  town,  however,  afford  excellent  col- 
lecting ground  for  the  fossils  of  this  formation. 

Charlestown. — The  JefPersonville  limestone  forms  the  bed  of  the 
small  stream  flowing  through  the  west  part  of  Charlestown.  The 
Sellersburg  beds  and  the  New  Albany  shale  constitute  the  surface 
rocks  of  the  higher  land  about  Charlestown.  The  red  clay  resulting 
from  the  decay  of  the  former  is  the  source  of  the  beautifully  pre- 
served fossils  for  which  Charlestown  has  long  been  noted. 

East  of  Charlestown  about  one-third  of  a  mile  at  the  roadside  oc- 
curs the  following  section  which  is  of  interest  because  it  is  the  south- 
ernmost section  in  which  the  Geneva  limestone  has  been  noted: 

1.  Bluish  drab  impure  Hmestone 4  feet. 

2.  Gray  suberystalline  Hmestoue 5  feet. 

.'I.    Darlt  buflP  rather  soft  ma^nesian  limestone  (Geneva 

limestone)   .H  feet. 

4.    Buflf    hard    argillaceous    limestone    with    Halysites 

eatenulatus  near  the  top 25  feet. 

Oregon  and  Neir  Washington  sections. — Oregon  lies  about  six  miles 
northeast  of  Charlestown.  The  Sellersburg  beds  retain  their  charac- 
teristic lithological  features  in  the  vicinity  of  Oregon,  but  they  are 
thinner  than  at  Charlestown. 

The  following  section  is  exposed  in  the  road  on  the  south  side  of 

Oregon : 

Ft.  In. 

1.  Black    shale ? 

2.  Light   gray   crinoidal   limpstono 1.5? 

;;.    "Cement" 7 

4.    Blue  and  gray  limestone  (.Teffersonville  limestone)  15 

'[lie  following  section  occurs  three-quarters  of  a  mile  northeast 
of  Oregon.  With  the  exception  of  1  and  2,  which  outcrops  in  the 
wagon  road,  tlie  section  was  taken  150  yards  bolow  the  wagon  })ridgo: 

Ft.  Til. 

1.  Black    shale 1 

2.  Dark  gray  impure  limestone  (cement) 5 

3.  Shelly  bluish  drab  limestone G 

4.  Gray  limestone  with  Spirifer  actiminatns 4 


•   • 
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Ft  In, 

5.    Drab  gray  Impure  limestone  with  Chonetea  yan-    5 

dellanus,  etc 5 

(».    Gray  limestone  with  corals 4 

7.  Hard,   flinty   limestone,   conglomerltic   in   places 

with  pebbles  of  chert,  quartz  and  metamorphic 

rock  and  shell  and  coral  fragments 18 

8.  Gray    limestone    with    Zaphrentis    giganteus    and 

other  corals 10 

9.  Light  gray  limestone  with   Halysites  catenulatus 

Pentamerus  sp.,  etc G 


•    a 


•    • 


I'his  secition  is  of  especial  interest  because  of  the  bed  of  conglom- 
erate which  has  not  been  noted  in  any  other  section  at  this  horizon. 
The  absence  of  the  Geneva  limestone  from  this  section  is  another 
local  peculiarity  of  interest. 

About  three  miles  southeast  of  the  above  section  in  tract  145  the 
Geneva  limestone  shows  a  thickness  of  eight  or  10  feet  at  the  big 
spring  just  north  of  the  New  Washington  and  Cha^lesto^vn  road. 

In  the  vicinity  of  New  Washington  the  drift  shows  a  considerable 
thickness.  The  well  on  Miss  Fannie  Bowers'  land  one-half  mile  west 
of  New  Washington  passed  through : 

Drift  clay 25  feet. 

Black  mucls 3  feet. 

The  limb  of  a  tree  was  struck  at  a  depth  of  20  feet,  and  a  bowlder 
lower  down. 

Just  east  of  Now  Washington  the  section  exposed  in  the  road 
shows: 

1.    IJglit  l>uflP  sandy  lool^ing  magnesian  limestone  with 

a  few  criuoid  stems  and  corals  (Geneva  limestone)    3  feet, 
li.    Hard  gray  limestone 5  f(-et. 

'iVo  miles  northwest  of  New  Washington  at  the  cave  one-quarter 
of  a  mile  above  the  sulphur  spring  is  the  following  section: 

1.  Darlc  gray  coralline  limestone r»  feet. 

2.  Buff  sandy  looking   magnesian   limeMtone  (Geneva 

limestone)   7  feet. 

'A.    Hard  gray  limestime  (l^nisville  limestone) 1)  feet. 

4.    Bluish  sandy  shale  (Waldron  shale) (>  feet. 

"['he  small  cave  at  this  point  is  in  the  comparatively  soft  Geneva 
limestone,  the  Devonian  and  Niagara  limestones  forming  its  roof  and 
floor. 
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Lexington  and  Hanover  sections, — Hanover  marks  the  extreme  east- 
ern limit  of  the  Devonian  along  the  Ohio  and  lies  about  10  miles 
northeast  of  Lexington.    Opposite  the  railroad  station  at  Lexington 

the  following  section  is  exposed: 

Ft  In. 

1.  Black   shale G 

2.  Ferruginous  conglomerate 2  to :{ 

3.  Bluish  limestone  with  Tropidoleptus  carinatus,  etc.  . .  20 

4.  Drab  colored  sandy  limestone 2 


•   • 


The  beds  three  and  four  of  the  above  section  afforded  the  following 
species: 

Chonetes  yandeUanm  a,  Tropidoleptiis  carinatus  a,  Spirifer  granulosus  o, 
Stropheodonta  de^nissa  c,  RoemereUa  grandis  r,  Phacops  rana  r,  Proetus  ea- 
nalictdatusf  Stictopora  sp.,  Cysiiphyllum  ep.  ? 

At  a  small  quarry  at  the  side  of  the  railroad  and  about  400  yards 
north  of  the  station  the  Jeffersonville  limestone  is  well  exposed. 
From  the  upper  beds  here  the  following  fossils  were  collected: 

Schizophoria  striatula  a,  RhipidomeUa  vanuxemi  a,  Spirifer  bymesi  c, 
Spirifer  euruteines  e,  Stropheodonta  hemispheriea  c. 

Just  below  the  bed  containing  the  above  fauna  occur  the  following 
typical  Jeffersonville  limestone  species: 

Spirifer  acuminatum  a,  Stropheodonta  deinxsm  c,  Stropheodonta  hemiA- 
plierica  a,  Plntycera*  erectuni  r,  Stictopora  sp. 

South  of  Lexington  one-half  mile,  the  "cement  rock"  outcrops 
along  the  railroad  five  or  six  feet  thick.  This  is  the  northernmost 
point  at  which  ilie  Sellersburg  beds  have  their  typical  appearance. 
The  following  species  wctc  collected  at  this  locality: 

Atrypa  retlculariii  c,  AihyriA  fultonenms  r,  Gamaratoecltia  tetJiysf^  Spirifer 
bymeai  a,  Spirifer  euruteinem  r,  Spirifer  segmeniusf  r,  Spirifer  varicosus  h^ 
Aulopora  sp  ,  Chaefefes  arbru^^erdm  r,  Coleolm  aciridum,  Hyolitliea  sp..  Mn- 
crncheilus  caririntun  r,  Microcydas  sp. ,  ModiamorpJia  concenirica  r,  Parocy- 
das  elliptic,n!<  r,  Proetus  canalieulatus. 

About  three-quarters  of  a  mile  east  of  Lexington  the  New  Albany 
shale  outcrops  in  the  bed  of  a  small  branch  on  Dr.  Davis's  farm. 
The  black  shale  hero  contains  the  following  fauna.  The  fossils  are 
abundant  and  occur  in  strata  three  or  four  feet  above  the  Sellersburg 
beds: 

Chonetes  lepidus  c,  fjeiorhyndius  quadricostcdus  a,  Styliola  fissurdla  a. 
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Two  miles  west  of  Hanover,  near  Big  Spring  on  the  Lexington  and 
Hanover  road,  about  20  feet  of  Devonian  limestone  outcrops  on  the 
west  side  of  the  creek.  Tropidolepim  carinatus  is  the  predominant 
species  in  the  uppermost  beds  here,  while  Spirifer  acuminatus  is  the 
most  abundant  fossil  a  little  lower  down.  The  limest^nie  fonning 
the  bed  of  Ihe  creek  at  this  point  is  a  mass  of  corals  comparable  in 
abundance  with  those  at  the  Falls  of  the  Ohio.  The  Jeffersonville 
limestone  outcrops  in  the  road  in  the  west  part  of  Hanover  near  the 
residence  of  Mr.  G.  W.  Taylor.    Its  thickness  was  not  ascertained. 

A  buff  magnesian  limestone  10  or  15  feet  thick  outcrops  at  the  top 
of  the  river  bluff  around  the  edge  of  Hanover  College  campus.  No 
fossils  were  found  in  it  but  this  bed  is  supposed  to  belong  just  below 
the  horizon  of  the  Jeffersonville  limestone  and  to  represent  the 
Geneva  limestone. 

Northwest  ol  Hanover  about  six  miles  and  just  west  of  Smyrna 
church  is  the  following  section: 

1.  Buff  colored  magnesian  limestone  showing  a  pittetl 

and     cavernous     face     on     weathered     surfaces 
(Geneva  limestone) 5  feet. 

2.  Hard  gray  limestone 7  feet. 

Afmul.  one  mile  west  of  Smyrna  church  is  tlie  following  section: 

1.  Tliin  l)edde<l  gray  limestone  full  of  fossils  (Jeffer- 

sonville limestone) 0  feet. 

2.  Buff  magnesian  limestone  ((ieneva  limestone) 4  feet. 

X    Covered 8  feet. 

4.    Hard  gray  limestone 1  foot. 

Loose  fragments  of  coarse  brownish  sandstone  cont^iining  Devonian 
fossils  ;ir(»  scattered  about  the  fields  in  ihe  vicinitv  of  Smyrna  church. 
Careful  search  failed  to  dis^-ovcr  this  sandstone  in  position.  Tts 
fossils  seem  to  indicate  that  it  represents  the  remnants  of  a  local  bed 
belonging  near  the  base  of  the  Jelfersonville  limestone. 

77/f'  Muscalalncl'  ami  Bitj  Creek  serlions. — The  sections  here  de- 
scri])e(l  include  representative  sections  occurring  on  or  near  the  east 
fork  of  Aluscatatuck  Kiver  and  Big  Creek.  T]w  general  direction  of 
these  streams  is  east  and  west,  directly  across  the  strike  of  the  Devo- 
nian  formations  which  they  traverse. 

Tlie  westerly  di])  of  the  New  Albany  shale  brings  tli<»  top  of  the 
formation   nearly  to  draiimge  level  at  the  wagon  bridge  over  the 


35-aeol. 
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Muscatatuck  one  mile  south  of  Crothersville.    The  section  ex])()si'<l 
here  in  the  bank  of  the  river  is  as  follows: 

1.  Hard    gray    limestone    with    concholdal    fracture 

(Rockf ord  limestone) 5  twt. 

2.  Fissile  black  shale  with  Linguld  spatulataf  abundant. 

On  the  north  side  of  the  Muscatatuck,  just  west  of  the  B.  &  0. 
S.  W.  Railway,  the  Devonian  limestone  just  below  the  New  Albany 
shale  was  formerly  extensively  quarried  for  building  stone.  The 
quarry  is  now  abndoned,  the  stone,  like  most  of  the  other  Devonian 
limestone  in  Indiana,  having  failed  to  stand  the  effects  of  frost  action. 

The  Sellersburg  beds  have  entirely  lost  the  lithological  features 
which  characterize  them  in  Clark  and  southern  Scott  counties.  The 
beds  which  correspond  in  stratigraphic  position  to  them  are  usually 
bluish  gray  heavy  bedded  limestones. 

The  face  of  the  cliiT  along  the  creek  three  or  four  hundred  yards 
southwest  of  the  quarry  shows  the  following  section: 

1.  Black  shale 1  to    3  feet. 

2.  Heavy  bedded  blue  to  gray  limestone 50  feet. 

3.  Chocolate  colored  sandy  looking    magnesiau  lime- 

stone (Geneva  limestone) 5  feet. 

Just  east  of  Deputy,  at  the  old  limestone  quarry  the  section  ex- 
posed is  the  following: 

1.  Blue   to   gray    lieavy    bedded    limestone,    with    the 

lower  tliree  or  four  feet  very  arenaceous  in  places  12  f(H*t. 

2.  Gray  limestone  witli  Spirifer  ncuminatus 0  feet. 

3.  Covered 5  feet. 

4.  Bluish  gray  limestone  full  of  corals 0  feet. 

5.  Cliocolat(»  colored  sandy   looking   magnesian   lime- 

stone ((leneva  limestone) 5  feet. 

The  up})er  12  feet  was  quarried  for  building  and  foundation  work. 

West  of  Paris  crossing  about  one  and  one-half  miles,  the  T^ew 
Albany  shale  and  a  few  feet  of  the  underlying  limestone  are  exposed 
at  a  small  quarry  on  the  south  side  of  the  road.  The  following  fauna 
was  found  in  the  ihree  and  a  half  feet  of  black  shale  outcropping 
above  the  limestone: 

Chojides  lepiduA  a,  Lingula  spafidala  a,  Styliola  fissiirella  a. 

The  limestone  immediately  below  the  shale  yielded  the  following 
species: 
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Airypa  reticularis  r,  Cfumetes  anmaius  b,  Cyrtina  hamilUmemisf  r,  Pro- 
dudella  stibaculeata  yar.  cataracta  c,  Sdiizophjoria  striatulaia  c,  Spirifer 
bymesi  c,  Spirifer  granvliferus  r,  Spirifer  grieri  f,  Spirifer  iowenisis  c,  Stro- 
pheodonta  demissaf  Stropheodonta  hemisphericay  Stropheodorda  perplana  c, 
Cladopora  sp.  a,  Onyehodw  sigmoides  r. 

The  liniostone  here  does  not  differ  lithologically  from  the  Jeffer- 
sonville  limestone  as  it  usually  appears.  We  have,  however,  an  essen- 
tially Hamilton  fauna  if  we  except  Chonetes  arcuatus  which  is  a 
Corniferous  species. 

At  the  Graham  Creek  ford,  one  and  one-half  miles  east  of  Paris 
Crossing,  the  Jeffersonville  limestone  constitutes  the  upper  20  or  25 
feet  of  the  bluffs.  The  lower  parts  of  these  beds  contain  an  abun- 
dance of  corals  with  but  few  other  fossils.  The  limestone  at  the  top 
of  the  bluff  contains  the  Spirifer  annninaiv^  fauna  with  the  follow- 
ing species: 

Spirifer  acuminatus  a,  Airypa  reticularis  c,  Chonetes  arcuatus  a,  Choneies 
pusiUis  c,  Olyptodesma  occvdentaley  Orthis  iowensis  c,  Onychodus  sigmoides  c, 
Gamarotoechia  tethys  c,  Spirifer  unvensis  c,  Stropheodonta  demism  c,  TerUaeti' 
lites  hdlxdus  ?  c. 

On  the  west  side  of  the  middle  fork  of  Big  Creek  at  Tjaiicaster  the 
following  section  is  exposed: 

Ft,  In. 

1.    iirwy  liuiestone  with  chert  bnncls 10" 

li.    Coralline  limestone 15 

:^.    Buff    to    brownish    niajjrnesian    limestone  (Geneva 

limestone)    18 

4.    (irny  limestone  .'> 

No.  1  of  this  section  is  the  source  of  the  loose  masses  of  fossilifer- 
ous  chert  which  are  abundantly  scattered  about  the  surface  here. 

The  Coralline  limestone,  No.  2,  is  composed  almost  entirely  of 
fossil  corals. 

The  following  species  were  obtained  from  No.  1  on  the  bank  of  the 
creek  just  above  the  bridge: 

Atrypa  aspera  r,  Atrypa  retictdaris  a,  Olyptodesnia  occidentale  r,  Onycho- 
dus sigmoides  c,  Schizophoria  striatida  a,  Phacops  ranaf,  Pleurodictnm 
problematicum  c.  Pterinfa  flahellumf  r,  Gamarotoechia  tethys  r,  Spirifer  acw 
minatiLi  a,  Spirifer  davij>si,  Spirifer  fornaculm  r.  Spirifer  varicosiis  c,  Str^. 
torhTpichuA  i^i)  r,  Stropheodonta  concava  r,  Stropheodonta  Jiewisphericay 
TentcunUites  ecalariformis  r. 
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The  loose  masses  of  chert  on  Mr.  Geo.  Ferris's  land  a  short  distance 
north  of  the  last  section  afforded  the  following  species: 

Adinopferia  boydi  r,  Bucania  devoniea  r,  CUnopittlia  mbnastiia  r,  OycUh 
nema  eancellatum  r,  Glyptodesma  erect um  r,  Olyptodesma  oecidentale  a, 
Schizophoria  propimpiaf  r,  Platycenu  erectum  r,  Platyodoma  liiieatum  r, 
Pleurotomaria  mlcomarginata  r,  Camarotoechia  teOiys  r,  Spirifer  acuminatui 
a,  Spirrfer  e^initeinea  a,  Spirifer  uarieosus  r,  Sireptorhytiehus  ardostriata  r, 
Stropheodonia  coneava  c,  Stropfieodotda  demxssa  a,  Stropheodonia  hemispherica 
c,  Stropheodojita  perplana  c. 

About  one  mile  west  of  Wirt  loose  blocks  of  very  liard  dark  brown 
sandstone,  resembling  quartzite  somewhat  in  texture  and  hardness 
are  common.  This  sandstone  lias  not  been  found  in  place  in  this 
locality.  In  its  manner  of  occurrence  and  fossils  it  is  similar  to  the 
sandstone  blocks  previously  referred  t-o  which  occur  in  the  vicinity  of 
Smynia  church  in  JcfTcrson  County.  They  represent  apparently  the 
remnants  of  a  bed  of  sandstone  of  local  development  like  the  buhr- 
stone  on  Wyloosing  ( -reek.  Tlie  fossils  indicate  that  the  Jefferson 
County  sandstone  erratics  come  either  from  the  Jefferson ville  lime- 
stone or  the  Geneva  limestone. 

At  Kent,  near  the  head  of  one  of  the  tributaries  of  Big  ('reek  is  the 
following  section: 

1.  (*lny  and  ehort 4  feet. 

2.  liimestone  fun  of  braobiopods .5  feet. 

.'{.    Ooranino  liniostoiK* 10  feet. 

4.    Dnrk  buff  impure  ma^jnesian  limestone (5  feet. 

'I'hc  masses  of  chert  weathered  out  of  the  limestone.  No.  2  of  the 
above  section,  arc  very  rich  in  fossils.  The  following  species  were 
collected  from  the  chert  northwest  of  town,  near  the  old  saw  mill: 

Belleraphon  sp. ,  Biicania  devoniea  r,  Callonema  beUatulum  r,  Orania 
doria  r,  Cyrtina  luimiUonenm  c,  Glyptode^ma  oecident^ile  c,  Loxonetna 
hydraulicum,  Schhophoriu  striatida  a,  Rhipidamella  vanvxemi  a,  Paleoneilo 
sp.,  Platyceras  hiiculentuyn  r,  Platyceras  eredum  c,  Platyoatjoma  lineatum  yet. 
callomm  r,  Produddla  suhacideata  var.  catarada  r,  Produs  crassimargmatus, 
Camarotoechia  tetJujs  r,  Spirifer  acnmiiiatus  c,  Spirifer  ardisegmentuti,  Spirifer 
varicoxiui  r,  Strejdorhynchus  aretistriatm  r,  Stropheodonia  demissa  a,  Strophe- 
odotttn  hnniapherica  c,  Stroj)heodontu,  perplwia  a. 

At  Oupont,  just  alcove  the  railroad  bridge  the  JefTersonville  lime- 
si  one  outcrops,  showing  four  or  five  feet  of  buflish  gray  fossiliferous 
rock.  Loose  chert  fragments  are  extremely  abundant  along  the 
stream  above  town. 
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At  the  railroad  bridge  over  Big  Creek  south  of  Dupont  the  follow- 
ing section  is  seen  on  the  south  bank  of  the  creek: 

1.  Surface  clay 10  feet. 

2.  Gray  limestone  with  numerous  corals  (Jetfersonville 

limestone)  4  feet. 

«3.    Butt    to    chocolate    colored    magnesian    limestone 

(Geneva  limestone)   5  feet. 

4.  Bluish  clay  and  partly  covered  (Waldron  shale) 5  feet. 

5.  Hard  gray  limestone  in  strata  8  to  15  inches  thick 

(Niagara)  15  feet 

Ver7io?i  and  North  Vernon  sections. — The  deeply  cut  channel  of 
Muscatatuck  Creek  affords  good  sections  of  the  rocks  from  the  New 
Albany  shale  down  to  the  Niagara  limestone  in  the  vicinity  of 
Vernon. 

Northwest  of  the  J.,  M.  &  I.  station,  about  50  yards,  the  following 
section  is  exposed  in  the  bank  of  the  creek: 

Ft.  In. 

1 .  Surface   clay 5 

2.  Black  fissile  shale 15 

l\.    Gray  to  bluish  shelly  fosslllferous  limestone 10 

4.  Gray  to  lUuish  crystalline  limestone 5 

5.  Light  gray  to  ash  colored  llmt^stone  full  of  calcite 

crystals  (no  fossils)  6 

f».    Dark  hutt  to  chocolate  colored  massive  magnesian 

limestone 20 

7.  Covered  8 

8.  Blue  clay  shale  (Waldron  shale) 10 

9.  Gray  even  beddetl  limestone 5 

No.  2  of  tliis  section — the  New  Albany  shale — contains  an  abun- 
dance of  Chonctes  lepida  and  Styliola  fissurella. 

1'ho  liniestoite,  Nos.  1  and  2  of  this  section,  contain  the  following 
fjmna: 

Prodnetella  spimdirosta  a,  Detthyris  9culpt%lis  c,  Spirifer  rtiacra  1  r,  Slro- 
pheodmda  cancava  r,  Siropheodonta  perplana  c,  Atrypa  reticularis  r,  Spirt- 
fer  divaricata  r,  Centronella  glansfagea  r,  Schizophora  striaitda  r,  Betieularia 
fimbriate  r,  Centronella  ovata  f ,  r,  Cyrtina  hamilto7iensi8f  Phacops  hifo  a, 
Platyceras  dumosum  r,  Platyeera^  sp. ,  Stro]>hoslylu8  varians  r,  Chonetes 
coronatuSi  r, 

It  should  be  noted  in  connection  with  this  fauna  that  Spirifer 
arumltinlus  and  Spirifer  granulosus,  two  species  which,  further  south, 
are  limited  respectively  to  the  JefTersonville  limestone  and  the  Sel- 
lersburg  beds,  are  absent.     The  species  present  are,  for  the  most 
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part,  species  which  occur  in  both  the  Hamilton  and  Cotniferous 
faunas.  The  upper  six  feet  of  this  section  is  apparently  the  only  part 
of  the  Devonian  limestone  which  is  fossiliferous. 

The  12  feet  of  limestone,  Nos.  3,  4  and  5  of  the  section,  represent 
here  the  Sellershurg  beds  and  the  Jeffersonville  limestone.  At  the 
lower  end  of  the  tunnel  Mr.  Foerste  has  given  in  his  report*  a  sec- 
tion in  which  he  records  "40  feet  of  Upper  Niagara  limestone,  most 
of  it  dolomitic  and  of  a  light  brown  color," f  above  the  Waldron  shale. 
I  am  not  able  to  concur  with  Mr.  Foerste  in  assigning  40  feet  of 
limestone  above  the  Waldron  shale  to  the  Niagara  in  the  Vernon 
sections.  The  covered  portion  of  the  above  section  is  well  exposed 
in  the  vertical  cliff  at  the  north  end  of  the  tunnel  leading  to  the 

Tunnel  Mill.    The  section  is  as  follows: 

Ft.  In. 

1.  Massive  chocolate  colored  dolomitic  limestono 14 

2.  Hard  gray  limestone 10 

3.  Blue  shelly  calcareous  sandstone 3 

4.  Blue  sandy  shale  full  of  Niagara  fossils 4  f> 

5.  Blue  to  gray  limestone 4 

The  abundance  of  characteristic  fossils  and  the  lithological  features 
make  3  and  4  of  this  section  typical  representatives  of  the  Waldron 
shale.  As  in  the  case  of  similar  sections  elsewhere,  no  fossils  have 
been  found  in  limestone  immediately  overlying  the  Waldron  shale. 
No.  2  of  the  last  section,  but  it  is  believed  to  belong  to  the  Niagara, 
and  to  be  the  representative  of  the  Louisville  limestone.  Fossils  arc 
extremelv  scarce  in  the  buff  or  brownish  dolomitic  limestone,  No.  1 
of  this  section,  but  a  few  have  been  found  in  it  just  above  the  wagon 
bridge  east  of  Vernon.  Their  poor  condition  does  not  permit  of 
satisfactory  spocifio  determination.  They  have  been  referred  to 
RkipidomeUa  sp.  and  Proetus  rurvimargiiwius?.  While  the  specific 
determination  of  the  trilobite  is  doubtful,  it  appears  pretty  certain 
that  it  is  a  Devonian  form.  The  principal  reason,  however,  for  con- 
sidering the  ])rownish  buff  dolomitic  limestone  about  Vernon  to  be 
of  Devonian  ago,  is  the  stratigraphic  evidence  of  its  identity  with  the 
Geneva  limosione.  The  followincj  section  taken  above  Geneva  on 
Flat  Kock  Creek  is  introduced  here  for  comparison  with  the  sectioms 

just  given: 

Ft.  In. 

1.  Massive    buff    to    brownish    dolomitic    limestono 

(Geneva    limestone)   5  Q 

2.  Hard  j;ray  limestone  iu  strata  3  to  8  inches  thick.     0 

3.  Waldron    shale 4 

*2l0t  Ann.Kep.  Tn4. 1)«p.<}eol.  and  Nat.  Ren.,  1S97,  pp.  21S-298. 
1 21jt  Ann.  Rep.  Ind.  Dept.  Geol.  andiNat.  Kes.,  1897,  p.  284, 
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A  comparison  of  this  seccion  with  the  two  Vernon  sections  which 
have  been  given,  shows  that  the  brownish  buff  dolomitic  limestone  iji 
the  latter  corresponds  entirely  in  stratigraphic  position  and  litho- 
logical  features  with  the  Geneva  limestone  at  the  type  locality  which 
is  known  to  be  of  Devonian  age. 

.Mr.  Foerste  gives,  in  a  paper  published  in  1897*  an  interpretation 
of  the  Tunnel  Mill  section  at  Vernon,  differing  from  that  expressed 
in  his  earlier  report,  and  corresponding  somewhat  more  closely  with 
that  of  the  writer.  In  this  he  refers  to  the  Devonian  everything  in 
the  Tunnel  Mill  section  above  the  Waldron  shale  except  58  inches  of 
limestone  immediately  above  it,  which  he  considers  "of  uncertain 
age." 

On  the  north  bank  of  the  Muscatatuck,  one  and  a  quarter  miles 
above  North  Vernon  the  following  section  was  taken  at  a  small 
quarry: 

1.  Black  shale  6  feet. 

2.  Bluish  limestone   10  feet. 

3.  Light  buff  closely  banded  llme«tone  with  thin  black 

carbonaceous  partings   15  feet. 

4.  Dark  '  brownish    massive    saccharoidal   magnesian 

limestone 15  feet. 

The  Waldron  shale  horizon  is  below  drainage  level  at  this  point. 
Mr.  Foerste  recognizes  it  doubtfully  in  the  section  near  the  water 
works. 

No.  4  of  this  section  is  the  Geneva  limestone.  It  is  here  nearly 
barren  of  fossils.  One  brachiopod  is  doubtfully  referred  to  Cyrtma 
hamil  fan  crisis. 

As  pointed  out  in  other  sections,  the  Devonian  limestones  above 
the  Geneva  limestone  have  lost  the  physical  characteristics  which  dis- 
tinguish ihem  further  south.  No.  1  of  the  above  section  is  probably 
in  part  the  stratipraphic  equivalent  of  the  Jeffersonville  limestone. 
The  beds  below  No.  3,  however,  contain,  with  the  exception  of  corals, 
almost  no  fossils.  Spirifer  acuminafns,  which  further  south  is  not 
known  above  the  Jeffersonville  limestone,  occurs  here  abundantly  in 
the  upper  10  feet  of  limestone,  Xo.  2  of  the  section.  Near  the  water 
works  station,  the  same  species  has  been  found  within  two  feet  of  the 
bjise  of  the  New  Albany  shale.  We  find  here  a  distinct  mingling  of  the 
faunas  of  the  Spirifer  §,cuminaiiLS  and  the  Sp.  granulosvs  zones. 

The  limestones  Nos.  3  and  4  of  this  section  were  formerly  exten- 
sively quarried  at  North  Vernon.  They  are  used  at  present  only  for 
crushed  rock  in  road  building. 

^22d  Ann.  Rep.  Ind.  Dept.  Qeol.  and  Nat.  R«s.,  pp.  286-287. 
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The  limestone  in  the  quarry  northeast  of  North  Vernon  shows 
locally  hands  of  black  shale  one-quarter  to  three-quarters  of  an  inch 
thick  in  the  limestone  six  or  eight  feet  below  the  base  of  the  New 
Albany  shale. 

Sand  Creek  sections, — Sand  Creek  crosses  the  northwestern  part  ol 
Jennings  County,  cutting  the  I>cvonian  formations  nearly  at  right 
angles  to  their  strike.  These  sections  are  about  60  miles  north  of 
the  Falls  of  the  Ohio. 

At  Helt's  mill,  which  is  about  three  miles  below  Scipio,  the  lower 
beds  of  the  New  Albany  shale  are  exposed  in  the  mill  race  and  in  the 
south  bank  of  the  creek  just  above  the  dam.  The  latter  outcrop 
contains  an  abundance  of  fossils  which,  however,  are  accessible  only 
while  the  dam  is  out  of  repair.    The  following  species  occur  here: 

Ghonetei  lepida  a,  Lewrhynchus  IhnUaris  a,  Tentaeidites  jmureUa  a,  Car- 
dwpiw  sp. 

Just  below  the  dam  a  hard  bluish  black  limestone  outcrops  below 
the  black  shale. 

Above  Kelt's  mill  three-quarters  of  a  mile,  at  an  old  quarry,  the 
following  fossils  were  obtained: 

Spirifer  acuminatum  a,  Stropheodo7ita  demissaf  Siropheodonta  perjdana^ 
TentactUites  heUtdusf,  Onychodus  sigmoldes?,  Plenrodyetnm  jyroblematicum^ 
Polyphora  sp.,  Proefm  canalictdatus ? . 

At  Scipio  the  New  Albany  shale  out<?rop8  just  southwest  of  the 
Episcopal  church,  at  the  roadside.  Siyliola  fissurella  occurs  here  in 
great  abundance.  A  few"  yards  to  the  southwest  from  this  outcrop 
the  following  fossils  were  collected  from  the  limestone  five  or  six  feet 
below  the  black  shale: 

Spirifer  acuminatus,  Chonetes  yandeUanuSf  Spirifer  varico»u8y  Strapheo- 
donia  perplatitty  Stropheodonta  demissa^  TentaculiUs  hellxdmly  DalmanUesBp.^ 
Ghjptodewia  erectum. 

We  have  here  another  interesting  exainple  of  the  niiiit^ling  of  the 
Spirifer  acMwinains  and  the  Spirifer  granvlosus  faunas.  Chonetes 
yandelJclnus  is  li(»re  associated  with  Spirifer  armninatiis,  while  in 
Clark  County  it  is  one  of  the  most  characteristic  species  of  the 
Spirifer  (/rufiulosu.'i  fauna  and  is  never  found  associated  with  Sp. 
acuminatvs. 

Above  Scipio  the  Geneva  limestone  affords  the  })rineij)al  oiiti-rops 
along  Sand  Creek.  About  a  mile  and  a  quarter  below  l»rewersvillo 
a  small  natural  bridge  has  been  developed  in  this  limestone  on  the 
north  bank  of  the  creek  across  the  mouth  of  a  small  ravine. 
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Just  below  the  cemetery,  on  Wyloosing  Creek,  a  small  cave  occurs 
ill  the  same  formation.    The  following  section  occurs  at  this  locality: 

Ft,  In, 

1.  Light  buff  colored  limestone 8 

2.  Very  bard  flinty  gray  limestone  with  numerous 

corals  which  locally  pass    into  a  nearly  pure 

chert  or  buhrstone 26 

li.  Huff  chocolate  colored  massive  saccharoidal  mag- 
nesian  limestone 20 

4.    Hard  blue  thin  bedded  limestone 5 


•  • 


All  of  this  section  above  5  is  referred  to  the  Geneva  limestones. 
No.  5  is  the  representative  of  the  Niagara. 

The  following  fauna  was  obtained  from  the  Buhrstone,  No.  3  of 
the  section : 

Conocardium  trigonale  c,  Schizodm  sp.  r,  Megambonia  sp.  c,  Panenca  po- 
tens  c,  PentamareMa  arataf  r,  Beticularia  undiferaf  c,  Martinia  sulnimbona? 
r,  Stropheodonta  plicata  r,  Pleurotomaria  sp.  c,  Strophostylv*  sp.  r,  Macro- 
eheilvs  sp.  r,  Macrocheilus  hebef  r,  BeUerophon  sp.  r,  Platyostoma  pleura- 
tomaf  r,  Naticopm  sp.  r,  Loxonema  sp.  r,  Murchis<ynia  degiderata?  r, 
Orthoceraa  sp. 

This  bed  contains,  in  addition  to  the  above,  a  rich  coral  fauna. 
All  of  the  fossils  here  are  in  the  condition  of  casts  and  usually  in  a 
very  poor  state  of  preservation. 

A  considerable  number  of  millstones  were  manufactured  from  this 
bed  at  one  time.  It  has  not  been  worked  for  this  purpose  for  more 
than  .")()  years.  During  the  early  pioneer  days,  millstones  are  said 
to  have  been  obtained  from  this  locality  for  mills  as  far  west  as 
V^incennes. 

Southeast  of  Westport,  on  Millstone  Branch,  the  same  bed  is  well 
develo])ed  and  makes  a  good  buhrstone.  Millstones  were  also  cut  out 
at  this  locality  75  or  80  years  ago. 

Along  the  creek  road  west  of  Brewersville  the  dark  colored  Geneva 
limestone  outcrops  in  numerous  vertical  ledges  and  isolated  masses 
with  vertical  weatherwJm  faces. 

At  the  Big  Four  bridge  at  Brewersville  the  Waldron  shale  is  seen 
in  the  following  section: 

1 .    Bluo  sandy  shale 5  feet. 

'*.    <  Jray  and  blue  limestone 18  feet. 
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Bartholomew  County  sections. — ^East  of  Burnsville  one-quarter  of  a 

mile  the  following  section  is  exposed  at*  the  side  of  the  road  and  in  the 

bank  of  th»  stream: 

Ft.         In, 

1.  Drift  clay 4 

2.  Black  shale  2 

3.  Red  clay  and  limestone  pebbles 3 

4.  Blue  to  gray  limestone 3  6 

5.  Gray  limestone 4 

6.  Dark  blue  magnesian  limestone 6 

Spirifer  acuminatns  is  abundant  here  in  No.  4,  within  three  or 
four  feet  of  the  New  Albany  shale.  The  beds  3  and  4  together  rep- 
resent here  the  Sellersburg  beds  and  the  Jeffersonville  limestone. 
No.  6  is  the  Geneva  limestone. 

West  of  Brewersville  in  the  southwest  quarter  of  section  6,  at  the 

J.  M.  Manley  limekiln,  the  limestone  above  the  Geneva  limestone  is 

thicker  than  in  the  above  section  and  is  burned  for  lime.     On  the 

north  side  of  the  creek  at  Burnsville  the  decay  of  the  upper  Devonian 

limestone  has  left  an  abundance  of  chert  rich  in  fossils.    The  section 

exposed  here  is: 

Ft.  In. 

Drift  clay  with  chert 4  G 

Grayisli    buff    dolomitic    limestone    with    numerous 
small  calcite  veins  (Geneva  limestone) 10 

# 

The  most  important  outcrops  in  Bartholomew  County  arc  along 
the  banks,  of  Clifty  Creek  and  the  streams  cntcrin*^  it.  The  lime- 
stone is  so  lightly  covered  with  drift  between  Duck  and  Clifty  creeks 
that  sinkholes  are  common  in  a  part  of  this  area  to  the  northwest  of 
Newbern. 

Tn  the  southeast  quarter  of  seetion  6  (0  north,  7  east),  the  New 
Albany  shale  outcrops  at  the  roadside  northeast  of  the  schoolhouse. 
Siyliola  fissvrella  is  present  here  in  great  abundance. 

Tn  the  southwest  quarter  of  seetion  5  (9  north,  7  east),  is  located 
the  old  Everrard  quarry  on  John  RurneyV  land.  Four  or  five  feet 
of  bluish  gray  limestone  are  ex])osed  here,  containinij  an  abundant 
brachio})od  fauna.  The  limestone  hc^re  r(*presents  the  highest  part 
of  the  Devonian  limestone  of  this  region. 

One  mile  west  of  Xewbern  and  about  200  yards  north  of  the  bridge, 
a  bed  of  chert  is  exposed  to  the  east  of  the  road.  The  chert  here 
contains  an  abundance  of  Devonian  fossils. 

The  Geneva  limestone  outcrops  in  the  bed  of  the  creek  near  this 
point  and  dips  below  drainage  a  short  distance  below  the  bridge. 
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East  of  Newbem  the  Geneva  limestone  outcrops  in  bold  ledges  of 
massive  buff  to  chocolate  brown  magnesian  limestone.  Fossils  are 
extremely  rare  in  this  formation.  The  following  were  obtained  from 
it  east  of  Newbem  about  a  mile  and  a  half,  from  outcrops  at  the 
roadside: 

Conocardium  trigonale,  Proetus  sp.,  Atrypa  reticularis/  Atrypa 
aspera  and  Sireptorhynchus  chemurigensis  ardostriatiLS,  The  last  is  a 
distinctly  Devonian  species  and  is  alone  sufficient  to  establish  tlie 
Devonian  age  of  this  formation. 

At  Anderson  Falls,  two  miles  south  of  Hartsville,  the  following 

section  is  exposed: 

Ft,  In. 

1.  Onrk  buff  magnesian  limestone  with  Atrypa  re- 

ticularis and  a  few  corals  (Geneva  limestone).  .9 

2.  Hard  arenaceous  gray  limestone  without  fossils 

(Louisville  limestone?)   4  6 

3.  Blue  calcareous  and  arenaceous  shale  with  Wal- 

dron  fossils  (Waldron  shale) 5  G 

No.  2  of  this  section  Mr.  Foerste  considered  of  uncertain  age.* 

Mr.  Price  in  his  report  on  the  Waldron  shale  calls  it  the  "Harts- 
ville ledge." f  It  appears  to  the  writer  to  be  the  stratigraphic  equiva- 
lent of  Foerste's  Louisville  limestone. 

Between  the  forks  of  Clifty  Creek  and  Hartsville  the  Geneva  lime- 
stone shows  many  i)roniinent  outcrops,  frequently  presenting  a  ledge 
of  dark  brownish  buff  sandy  looking  limestone  with  vertical  face 
8  to  20  feet  high.  The  Waldron  shale  outcrops  from  four  to  six  feet 
below  it  at  many  points  and  affords  an  abuMdance  of  fossils  (see 
Price's  report).  J 

Just  north  of  Hope,  in  the  bed  of  Haw  Creek,  a  soft  buff  sandy 
lookin^r  dolomitie  limestone  outcrops.  About  150  yards  east  of  the 
road  ibis  stone  has  been  quarried  for  local  use.  The  outcrops  in  the 
quarry  and  creek  together  show  about  eight  feet  of  stone. 

Northwest  of  Hope,  near  the  junction  of  Tough  and  Haw  creeks, 
a  small  quarry  has  been  worked  for  road  metal.  The  rock  is  a  shelly 
impure  limestone  and  apparently  belongs,  together  with  the  above 
mentioned  outcrops,  to  the  Geneva  limestone. 

Fossils  are  comparatively  scarce  in  this  limestone,  and  are  limited 
mainly  to  Conocardiums,  Gasteropods  and  a  new  species  of  Martinia. 

Johnson  County. — The  northernmost  outcrop  of  the  New  Albany 
shale  in  the  southern  Indiana  area  occurs  in  the  bank  of  Sugar 

*12d  Kcp.  Ind.  Dep.  Qeol.  and  Kat.  Res.,  p.  241. 
tl4th  Ann.  lUp.  Ind.  Dep.  Geol.  and  Nat.  Res.,  p.  125. 
t24th  Ann.  Rep«  Ind.  Dep.  Q%o\.  and  Nat.  Res.,  pp.  81-143. 
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Creek  about  100  yards  below  the  Pennsylvania  railroad  bridge.  Nine 
or  10  feet  of  fissile  black  shale  is  exposed  in  the  bank  of  the  creek 
overlaid  by  drift.  Mr.  Wm.  Neal's  well,  which  is  a  few  rods  from 
this  outcrop,  has  penetrated  the  shale  to  a  depth  of  40  feet  without 
passing  through  it,  so  that  the  shale  at  this  point  has  a  thickness  of 
a  least  45  feet. 

Just  below  the  mill-dam  at  P]dinburg  loose  pieces  of  black  shale  are 
thrown  up  on  a  gravel  bar  but  the  outcTop  is  in  the  bed  of  the  river 
and  is  not  accessible.  The  Devonian  limestone  does  not  outcrop  in 
the  county. 

Flat  Rock  sections. — The  sections  exposed  along  this  stream  are 
about  85  miles  north  of  the  Falls  of  the  Ohio,  and  are  the  northern- 
most outcrops  of  the  Devonian  limestone  in  the  southern  Indiana 
area.  Flat  Rock  Creek  and  its  tributar}'.  Conn's  Creek,  cut  through 
the  Devonian  and  Niagara  limestones  in  the  southeastern  part  of 
Shelby  County,  exposing  beds  as  low  as  the  liaurel  limestone.  The 
New  Albany  shale  is  not  exposed  in  these  secrlions,  but  outcrops 
nearly  west  of  them  at  the  Johnson  County  localities  previously  men- 
tioned. 

The  following  section,  taken  one  and  a  quarter  mihfs  above  Ocnova 

on  the  west  bank  of  Flat  Rock  Creek,  indicates  the  relations  of  the 

beds  exposed  in  the  vicinity  of  Geneva: 

Ft.  In. 

1.  BrowniHh    buff    dolomitic    limestone    with    sacoli- 

aroidal  texture 5  0 

2.  Hard  jrray  limestone  in  H  to  8  imrh  courses <> 

li.    Waldron  clay  partly  covered 4 

Xo.  1  represents  the  lower  ])art  of  the  limestone  which  (^ollett 
called  the  Geneva  limestone.  Prof.  Collett's  original  section  at 
Geneva  is  as  follows:* 

Slope  and  soil,  buff  magnesia n  limestone  for  calcin- 
ing, Devonian  28  foot. 

Stratified  rubble  stone,  cap  of  fossiliferous  blue  shale 

to  same  in  river 4  feet. 


f 


Total    32  feet. 

Collctt  consid^-red  th(^  Geneva  limestone  of  I)t*vonian  a<rc.  l)ut  did 
not  olTer  any  proof  of  his  opinion. 

Fossils  are  generally  very  scarce  and  poorly  preserved  in  this 
formation.  One  locality  has  been  found,  however,  where  <ras(eroj>ods 
are  fairly  abundant.     The  following  fauna  was  secured  at  this  lo- 

*llth  Ann.  Rep.  Ind.  Dep.  Oeol.  and  Nat.  llist.,  1881,  p.  82. 


ir  Hill,  Miami  Cnunty,lnilisTi>. 


DEVONIAN  FOSSItS  AND  STRATIGRAPHY  OF  INDIANA.  55? 

cality,  which  is  located  on  the  north  bank  of  the  creek  about  three- 
quarters  of  a  mile  above  Cave  Mills  and  below  the  Park  a  short  dis- 
tance: 

Airypa  retieularis,  Orthothetes  chemungensU  arclo8triatv8f  Cyrtwa  hamil- 
tonenais,  Stropheodonta  perplana,  DelUiyrisi  rarieosta^  Pentamareila  araia^ 
Amboeaellia  umbonaia,  Afariinia  siJmmbona^  Ennella  8p  ,  Stropheodonta  de- 
miasa  f,  Spathella  typica  f ,  Conocardium  trigonale^  Proetus  sp. ,  Fleurotomaria 
filatexta  /,  Pleurotomaria  pp. ,  Polyphemopm  louisvillie.  Oithoceras  crotalivm  f , 
CtprtoceraAmormmfy  Gomphoeerasraphanusf,  OomphoeerasBp,,  ZaphrentisBp. 

Til  is  is  a  distinctly  Devonian  fauna  and  places  the  age  of  the 
(ieneva  limestone  beyond  question. 

A  slight  unconformity  exists  between  the  Oeneva  limestone  and 

the  hard  grayish  limestone  immediately  below  it.    An  outcrop  on  the 

east  side  of  Flat  Rock  Creek  at  the  ford  about  one  and  one-third  miles 

above  Geneva  shows  this  unconformity.    '^I^he  section  exposed  at  this 

point  is: 

Ft.  In, 

1.  Hrownifth  dolomitic  Haceharoidnl  limestone  ((Joii- 

eva  Umestone)   3 

2.  Hard  Hght  gray  limestone 5  6 

^.    Blue  fossiliferous  clay  with  irregular  masses  of 

limestone  (Waldron  shale) 5 

4.    Hard  gray  limestone 15 

'I'lhi  character  of  the  unconformitv  between  1  and  2  is  shown  in 
the  a(Com]>anying  photographs.  The  bed  on  which  the  hamnuT  rests 
is  No.  2  of  the  above  section. 

^riiis  unconformitv  is  also  si»cn  in  tin*  Wm.  Avcrv  nuarrv  on  the 

east  side  of  Conn's  Cn^ek  about  one  mile  below  Waldron,  where  the 

following  s(»ction  is  exposed: 

Ft.  In. 

1.  Brownish  bnflf  sandy  l(X)king  limestone 2  i\ 

2.  Clay    1 

:*».    Blue  limestone  in  W  to  0  incli  layers 5  (> 

The  thin  clay  band  marks  the  line  of  unconformity  in  this  section. 
I^he  bed  Xo.  1  ((Jeneva  limestoiu*)  lies  horizontal,  while  the  limestone 
No.  \\  dips  thr(M»  or  four  degrees  to  the  northwest.  A  hard  sandy 
shah*  about  IT)  inches  below  the  lloor  of  the  quarry  n*pres(^nts  the 
Waldron  shale. 

The  specimens  from  which  Prof.  llalFs  descri|)tions  of  the  Wal- 
dron fossils  were  made  wen*  obtained  nearly  due  west  of  this  quarry 
along  the  creek.     No  fossils  have  been  found  in  the  limestone  be- 
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tween  the  Waldron  shale  and  the  Geneva  limestone.  The  lithological 
diflferenees  which  everywhere  distinguish  the  Geneva  limestone  from 
the  heds  below,  together  with  the  unconformity  between  the  two  in 
the  Flat  Rock  sections,  leads  the  writer  to  consider  this  limestone 
to  belong  to  the  Niagara,  and  to  represent,  as  suggested  by  Mr. 
Foerste  in  his  report,*  the  liOuisville  limestone. 

The  general  westerly  dip  of  the  rocks  carries  the  Louisville  lime- 
stone below  drainage  level  at  Geneva.  ^Fhe  Geneva  limestone  has 
been  burned  for  lime  at  Geneva  for  a  number  of  years.  About  19 
feet  of  limestone  is  exposed  in  the  lime  quarry.  It  is  a  dirty  buflT 
to  brownish  limestone  in  strata  three  inches  to  three  feet  thick. 

Extensive  outcrops  of  the  Geneva  limestone  occur  on  both  sides  of 
the  creek  near  Cave  Mill.  A  small  cave  occurs  in  the  limestone 
at  the  south  end  of  the  dam.  About  half  a  mile  further  up  stream  a 
larger  cave  is  found  on  the  north  side  of  the  stream.  Just  below  the 
bridge  at  Cave  Mill  about  15  feet  of  the  Geneva  limestone  is  exposed 
which  is  here  a  dull  buif  to  drab  colored  magnesian  limestone.  Fre- 
quent  outcrops  of  this  formation  are  seen  as  far  down  as  the  ford  one 
mile  west  of  Flat  Rock  P.  0. 

The  Sellersburg  beds  and  Jeffersouville  limestone,  if  present,  in 
the  Flat  Rock  region,  do  not  outerop.  Their  jibsence  in  the  sections 
exposed  makes  it  probable  that  they  have  thinned  out  and  an^  repre- 
sented entirely  by  the  Geneva  limestone. 

THE  PENDLETON  AREA. 

The  town  of  Pendleton  is  located  about  twenty-eight  miles  north- 
east of  Indianapolis,  and  forty-two  miles  north  of  the  northernmost 
sections  of  the  southern  Indiana  area.  The  torritorv  which  is  here 
designated  as  the  Pendleton  area  includes  a  very  limited  district  in 
the  southern  part  of  Madison  County  in  the  immediate  vicinity  of 
Pendleton.  All  of  the  Devonian  outcrops  occurring  near  the  central 
part  of  the  State  are  found,  so  far  as  known,  in  this  limited  area.-  Ex- 
tensive out^^rops  of  rocks  of  Niagara  age  or  older  occur  to  the  north 
of  it  in  the  central  part  of  Madison  County  along  White  Eivcr. 

In  llcnrv  County,  which  lies  east  of  Madison,  tlie  only  l\ileozoic 
f)ni(  rop  known  was  found  to  contain  Niagara  fossils. 

South  of  l*(Midl('io]i  no  IxmI  rock  outcrops  for  more  than  forty 
miles. 

West  of  Pendleton,  in  Hamilton  County,  outcrops  of  bed  rock 
occur  at  a  num])er  of  ])laces,  the  most  extensive  being  those  at  Con- 
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nor's  mill  on  White  River.  In  Dr.  R.  T.  Brown's  report  on  Hamil- 
ton County,  he  states  that  "the  outcrops  of  rock  in  Hamilton  County 
are  quite  barren  of  fossils."*  The  outcrop  at  Connor's  mill  was  con- 
sidered by  Dr.  Brown  to  be  of  Devonian  age.  The  writer  has  secured 
a  rich  Niagara  fauna  from  this  limestone  which  will  be  described  in 
a  future  paper.  The  "Comiferous  limestone"  of  Brown  along  Stony 
Creek  in  Hamilton  County  has  also  been  found  to  contain  a  Niagara 
fauna.  It  overlies  unconformablv  a  sandstone  in  which  no  fossils 
were  found. 

The  Pendleton  seelion,—l^ot  E.  T.  Cox  published,  in  1879,  the 
following  section  of  the  rocks  at  Pendleton :f 

1.  Drift  with  large  boulders  of  granite  and  other  crys- 

talline rocks  strewed  over  the  surface 50  feet. 

2.  Ash  colored    rough    weathering,    cherty  magnesian 

limestone,  alternating  with  soft  sandy,  greenish 
colored,  pyritous  layers,  in  all  about 4  feet. 

3.  Huff    sandy    magnesian    limestone,    Pleurotomaria 

and  coral  bed 4  feet. 

4.  Heavy   bedded  and   soft,   Avhite  sandstone,    upper 

part  fossiliferous   15  feet. 

The  above  is  evidently  a  connected  section  since  No.  2  has  not 
been  found  anywhere  resting  direcily  on  No.  3  at  Tcjidleton.  The 
magnesian  limestone  No.  2,  however,  occurs  at  a  little  greater  abso- 
lute elevation  than  the  sandstone  in  the  outcrops  of  I  ho  two  which 
are  not  very  distant  from  each  other,  and  this  doubtless  led  Professor 
Cox  into  the  error  of  supposing  that  No.  2  is  a  bed  of  later  forma- 
tion than  No.  3.  Both  of  these  he  referred  to  the  (^orniferous  epoch 
on  the  evidence  of  fossils  from  the  sandstone  bed  No.  3.  The  writer 
has  found  in  the  ash  colored  limestone  No.  2  a  Niagara  fauna  in 
which  ^> p/irrrej-orlnis  roiniiKjeri  is  one  of  the  most  common  s|>ecics. 
The  fauna  of  the  sandstone  is  of  Devonian  age,  so  that  the  order  of 
the  beds  as  given  by  Cox  presents  the  strata  in  n^verse  order,  the 
oldest  at  the  top.  Whether  the  apparent  order  of  the  beds  which 
has  led  to  their  misinterpretation  in  Professor  Cox's  section  is  due 
to  a  fault,  to  unconformity  or  to  some  other  cause,  the  few  outcrops 
and  the  limited  time  spent  on  the  stratigraphy  of  the  region  has  not 
permitted  the  writer  to  decide.  The  ash  or  buff  Niagara  limestone 
referred  to  above  has  few  outcrops  and  may  be  best  seen  in  the 
cellar  of  a  house  standing  on  a  small  knoll  100 -yards  south  of  Fall 
Creek  on  ( 'harles  darkens  lot. 

^Uih  Ann.  Rep.  Ind.  Dept.  Geol.  and  Nut.  Hist.,  1884,  p.  27. 
1 8th,  9th  and  10th  Ann.  Reps.  Geol.  Bury.  Ind.,  1879,  p.  60. 
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Both  ('ox  and  Brown,  in  their  reports  on  the  geology  of  this 
locality,  appear  to  have  overlooked  an  interesting  conglomerate 
formation  whose  remnants  are  very  abundant  in  some  parts  of  the 
town  of  Pendleton.  'J'his  conglomerate  is  a  matrix  of  coarse  sand 
and  well  rounded  chert  pebbles,  which  are  frequently  three  or  four 
inch(?s  in  diameter.  The  ])ebblcs  often  constitute  nearly  the  whole 
of  the  rock.  This  bed,  where  observed,  is  from  4  to  12  inches 
thick.  In  the  orchard  lot  of  Mr.  (-has.  Clarke,  near  the  IJnivcrsalist 
church,  the  loose  slabs  of  the  conglomerate  were  so  large  and  numer- 
ous as  to  interfere  seriously  with  th(^  planting  of  trees.  The  same 
formation  is  conspicuous  in  some  open  lots  on  the  S(mth  side  of  town 
about  100  yards  cast  of  the  railroad.  At  the  top  of  a  little  knoll  in 
that  vicinity  near  an  old  limestone  quarry  the  loose  pieces  of  con- 
glomerate are  numerous.  On  the  north  side  of  Fall  Creek,  just  east 
of  ^lain  Street,  the  conglomerate  may  be  seen  in  place.  It  outcrops 
also  on  the  opposite  side  of  the  street  at  the  east  end  of  a  small 
knoll.  The  exposures  here  show  the  conglomerate  to  be  a  bed  of 
local  development  in  the  upper  part  of  the  Pendleton  sandstone. 
There  is  no  trace  of  the  bed  in  the  sandstone  quarry  three  or  four 
hundred  vards  to  the  soutlieast  of  the  above  mentioned  localitv. 

The  best  exposures  of  the  rocks  at  Pendleton  are  found  at  the  Fall 
just  below  the  I)ig  Four  railroad  bridge,  and  at  the  quarry  southwest 
of  the  latter,  where  the  formation  named  the  IVndleton  sandstone  by 
Professor  Cox*  is  quarried. 

The  following  se<'tion  was  taken  at  the  quarry  and  in  the  bank  of 
ihe  creek: 

Ft.  In. 

1.  Hard  \xvi\y  liincstcMic .'»  (> 

2.  Mnssivi*  white*  saiidstoiie  with  lo  to  115  inch  strata.     <i  S 
.*».    Hhiish  (Iral)  calcareous  tino  jrraiiiod  sandstone.  . . .  10^^ 

The  following  fossils  were  found  in  bed  No.  1 :  Reiiciilaria  fimhriaia 
c,  Eunella  sp.  r,  Martinia  siibumbona  r,  Pleurofomaria  pp.  c 

In  the  sandstone  No  2  the  following  fauna  occurs :  Reiicularia  fim- 
briata  var.  a,  Martinia  subumbona  c,  Eunella  sp  r,  Pent/nnarella  arata  r, 
Atrypa  reticidaris  r,  TentncuUtes  dexUhea  c,  Bdlerophan  cwnulinratus  r,  Cat- 
hnema  bellatida,  Sch^zodtis  contractus  (?)  c,  Conocardhun  irigonale  c,  Cono- 
cardinm  cimeiis  c,  ProetuA  curvimarcjinat^iA  c,  Proetus  latiinarginatus  c, 
Oifrtoceras  eugenium  r,  Znphrentis  gigant^um  r,  Favosites  limitaris  e. 

The  above  list  adds  sonie  species  to  those  recognized  by  Hall  from 
this  section,  but  does  not  materiallv  alter  the  evidence  on  which  he 
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corellated  the  Pendleton  sandstone  with  the  Schoharie  Grit  of  New 
York.* 

The  presence  of  Niagara  fossils  in  the  bed  immediately  below  the 
Pendleton  sandstone  still  further  strengthens  the  view  that  the  Pen- 
dleton sandstone  fauna  represents  the  Eodevonian  fauna. 

The  following  species  occur  below  the  sandstone  in  No.  3  of  the 
section :  Dalmanites  verrucosuSf  LepUana  rhomboidcdis,  Cumidiies  propriva  f, 
Murekisonia  sp. ,  SchUotreta  ienuilamedata  f,  Euomphahu  sp  ,  Ortkocercu  sp  , 
Streptelasmai^f)  sp. 

Bed  No.  1  of  the  section  out-crops  at  a  few  points  along  the  creek 
lu'twocn  IVndleton  and  Ihmtsville  and  is  frequently  a  sandy  dirty 
buff  rock  containing  casts  of  a  large  gasteropod.  This  is  the  '"Pleuro- 
lomaria  and  coral  bed"  of  Cox's  section. 

The  limestone  outcrops  near  Fall  Creek  below  Pendleton  are  all, 
so  far  as  examined,  of  Niagara  age.  About  four  miles  southwest 
of  Pendleton  the  Niagara  limestone  is  extensively  quarried  for  lime. 

THE  WABASH  AREA. 

In  many  phices  along  the  Wabash  River  and  the  streams  joining  it 
in  northern  Indiana,  the  drift  is  thin,  and  outcrops  of  the  Devonian 
and  Niagara  are  correspondingly  numerous.  The  outcrops  of  the  De- 
vonian, so  far  as  known,  are  confined  to  that  portion  of  the  Wal)ash 
Valley  between  Peru  and  Delphi  and  to  the  Tippecanoe  Eiver  near 
Monticello. 

STRATIGRAPHY. 

Thn  New  Alhany  shale  outcrops  extensively  in  the  vicinity  of 
Delphi,  along  Kock  Creek,  and  above  Mimticello  on  the  Tij)pecanoe. 

The  bulk  of  this  formation  is  composed  of  fissile  black  shale  identi- 
cal in  appearance  with  that  of  the  same  formation  in  southern  Indi- 
ana. Interstratified  with  the  black  shale  are  beds  of  arenaceous  or 
argillaceous  drab  gray  colored  shale  of  varying  thickness  which  are 
unlike  anything  occurring  in  the  southern  Indiana  sections.  These 
drab  colored  beds  carry  a  fauna  which  has  not  been  recognized  else- 
where, and  which  will  be  described  in  another  section  of  this  paper. 
None  of  the  sections  observed  show  the  upper  limit  of  the  New  Al- 
bany shale  in  this  region.  It  appears  from  well  sections,  however, 
that  the  Pockford  limestone  is  absent  in  this  area. 

The  Devonian  limestones  of  the  Wabash  area  are  differentiated 
both  faunally  and  lithologically  into  two  divisions,  as  in  the  southern 
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part  of  the  southern  Indiana  area.  These  two  divisions  are  corre- 
lated respectively  with  the  Sellersburg  beds  and  the  Jeffersonville 
limestone.  The  Sellersburg  beds  of  the  Wabash  area  contain  a  Ham- 
ilton fauna,  but  the  predominant  species  in  it  are  forms  which  are 
unknown  in  the  Sellersburg  beds  of  southern  Indiana.  Spirifer 
pennatvs  is  the  most  abundant  and  generally  distributed  specdes,  and 
the  fauna  may  be  called  the  Spirifer  pennatus  zone  of  the  Wabash 
area.  Spirifer  granulostis,  which  is  so  characteristic  of  the  Sellers- 
burg beds  whore  tyj)ically  developed  in  the  soivthern  part  of  the  State, 
has  not  been  observed  in  the  rocks  of  the  Wabash  area. 

The  beds  lying  immediately  ])elow  the  New  Albany  shale  and  hold- 
ing the  Spirifer  pevnatvs  fauna  are  composed  of  a  limestone  darker 
in  color  and  more  impure  than  the  limestone  below  them.  This  lime- 
s?tone  varies  from  a  fairly  pure  bluish  drab  rock,  breaking  with  sub- 
conchoidal  fracture  to  a  very  dark  arenaceous  limestone.  At  the 
only  place  where  the  entire  thickness  of  this  bed  could  be  observed  it 
did  not  exceed  14  feet. 

The  formation  corresponding  to  the  Jeffersonville  limestone  at  the 
Falls  of  the  Ohio  is  a  gray  crystalline,  thin  to  heavy  bedded  lime- 
stone. This  limestone  carries  a  fauna  similar  to  that  of  the  same 
formation  in  southern  Indiana,  and  has,  as  one  of  its  most  character- 
istic species,  Spirifer  aaiviinaius.  This  limestone  is  unconformable 
with  the  Niagara  on  which  it  rests,  over  a  part  of  the  area  at  least. 
The  Niagara  rocks  at  many  points  are  highly  tilted,  while  the  De- 
vonian beds  lip  nearly  horizontal. 

sKcrrioNS. 

While  To///////.  -The  New  Al})any  shalr  and  the  Sellersburg  beds 
outcrop  along  the  Tippecanoe  Kiver,  about  two  miles  above  Monti- 
cello,  near  the  (^Id  niill-dnni.  The  New  Albany  shale  outcrops  on 
both  sides  of  the  river  about  a  quarter  of  a  mile  above  tin*  dam.  The 
following  section  oec^urs  on  the  west  side  of  the  river  about  one- 
quarter  of  a  mile  above  the  dam: 

Ft.  In, 

Surface  elay  4 

Hlaek  shale 5 

Blue  clay  shale  band V2, 

Black  shale   r> 

Blue  shale P/. 

Black  shale 8 

Blue  clay 2 

Black  shale 7 

On  the  east  bank  of  the  river  the  shale  shows  a  slight  dip  to  the 
west  and  north. 
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The  Sellersburg  beds  outcrop  in  the  bed  of  the  river  at  the  dam 
and  in  the  old  mill  race  just  east  of  the  dam.  About  two  feet  of 
dark  gray  to  almost  black  arenaceous  limestone  is  exposed  here.  The 
cavities  left  in  it  by  fossils  often  contain  asphaltum.  The  following 
fauna  was  obtained  here,  and  from  the  same  beds  at  the  side  of  a 
small  branch  entering  the  river  from  the  northeast  at  this  point: 

Spirifer  pennatus  c.  Stropheodonta  plicata  a,  Atrypa  reticulans  c,  Oyrtina 
hamilionensiB  r,  Spirifer  sp  ,  Zaphreniis  sp. ,  OtfaiJi4)phyUum  sp. 

The  above  described  outcrops  comprise  the  only  exposures  of  De- 
vonian rocks  known  to  occur  in  White  County. 

Delphi. — The  New  Albany  shale  outcrops  extensively  along  Deer 
Creek  near  Delphi.  From  the  Wiibash  railroad  bridge  over  Deer 
Creek  to  its  mouth  the  shale  forms  a  nearly  continuous  outcrop, 
showing  a  thickness  of  about  30  feet  in  the  section  exposed. 

About  three-quarters  of  a  mile  east  of  Delphi  and  just  west  of  the 
crossing  of  the  Monon  Railway  and  the  Camden  pike  the  New  Al- 
bany shale  outcrops  at  the  side  of  the  road.  The  section  exposed  is 
as  follows: 

1.  Black  shale  12  feet. 

2.  Blue  clay  shale 4  feet. 

The  clay  shale  No.  2  contains  a  rich  fauna  which  has  not  been  seen 
elsewhere.  Nearly  all  of  the  fossils  are  partially  or  entirely  pyritized. 
The  position  of  this  bed  with  reference  to  the  base  of  the  New  Al- 
bany shale  can  not  be  stated  precisely,  since  the  nearest  outcrops  of 
the  underlying  Devonian  limestone  are  some  two  or  three  hundred 
yards  distant.  They  are,  however,  probably  within  twenty  feet  of  the 
baso  of  I  ho  shale.  The  following  is  a  list  of  the  species  occurring 
here: 

Palaeonellx)  sp.,  Gmiialites  wahanhensis  n.  sp. ,  Ooniatites  delphienm  d. 
sp. ,  Orthoeeras  sp  ,  Pletliospira  socialis  ?  Pletirotmnaria  sp. ,  Macrochilina  f  sp. 

On  ili<*  opposite  side  of  Deer  Creek  from  this  section  and  about 
'>fO()  yarcls  above  the  old  mill-dam  the  following  section  is  exposed: 

Ft.  In. 

1.  Drift   7 

2.  BluiHh  black  shale,  sheety  and  tough 45 

:*».    Drab  fjjrayish  colored  slightly  sandy  shale 4  t> 

4.  Band  of  gray  colored  concretions 6  to  14 

5.  Drab  colored  sandy  shale 10  0 

(5.    Bluish  gray  sandstone 4  10 

7.  Drab  colored  sandy  shale 5  G 

8.  Ck)vered  8? 

9.  Devonian  limestone 


•  • 
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The  Devonian  limestone  (9)  outoops  at  the  dam  about  200  yards 
below  the  remainder  of  the  section.  The  thickness  of  No.  8  is  esti- 
mated, while  the  remainder  represents  a  continuous  section  in  the 
nearly  vertical  bank  of  the  creek. 

In  the  black  shale  No.  2  of  the  above  section  only  one  species  was 
found — Lingula  spatulata. 

In  the  drab  (»olored  shale  No.  3,  the  following  species  occur: 

Stropheodonia  sp.,  Lingula  sp.  and  Spathiocaris  emersoni,  ITie 
bed  conUuuing  these  fossils  lies  at  the  same  level  as  bed  No.  2  of  the 
j)receding  section,  so  that  the  species  listed  from  l)eds  2  and  3  of  these 
two  sections  constitute  the  same  fauna. 

The  following  section  laken  on  the  north  side  of  Deer  C-reek  at 

the  south  end  of  the  old  Deer  Creek  channel  is  representative  of  the 

Sellersburg  limestone  about  Delphi: 

Ft,  In. 

1.  Drift  » 5 

2.  Gray  clay  shale ^ 3 

.S.    Black  shale  1  to4 

4.    Reddish  brown  forru^nous  clay  with  same  iron 

and  concretions 1  to  t*^ 

r».    Bluish  ijrray  limestone  in  regular  courses  'd  to  11 

inches  thick  (Sellerslnirj?  beds) 13  (\ 

(*».    Tiight  gray  limestone  (Niagara?) 8 

I^ed  No.  5  dips  two  or  three  degrees  toward  the  south.  Spirifer 
pf'tniulus  occurs  in  it,  and  with  the  exception  of  a  ('hnneles  is  the 
only  species  found  in  it.  The  .leffersonville  limestone  is  absent  from 
this  se<»tion.  1'his  section  is  sliown  in  lln*  upper  j)]H>tograph, 
IMate  16. 

I'he  following  sections  occur  at  a  small  (juarry  on  the  east  side  of 

Delphi,  in  the  southeast  quarter  of  section  20: 

Ft.  In. 

1.  Black  slinle    10 

2.  Hard  dark  jrray  limestone  in  strata  8  to  in  inclies 

tliick   7 

Spirlfrr  jiriufofiis  is  (juite  common  here,  and  a  single  sj)ecinuMi  of 
('(ninhir'ui  s]).  was  found  in  the  limestone.  This  is  the  only  locality 
where  this  genus  has  Ix-en  found  in  the  Indiana  i)evonian. 

1'he  Devonian  limestone  outcrops  in  the  hank  of  Deer  Creek, 
ahout  l.")!)  yards  southwest  of  ihe  standj)ipe,  I'Xposing  about  seven 
fci't  of  sihceous  dark  gray  h'mestone. 

liiuh'  Ctrrk'  find  LIfth  llorl-  fV/rZ*. — Hiese  two  streams  enter  the 
Wahash  From  the  southeast,  about  midway  hetween  Delphi  and  Ken- 
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neth.  The  New  Albany  shale  outcrops  along  Rock  Creek  northeast 
of  Rockfield.  The  shale  here  forms  the  bed  of  the  creek,  and  sections 
15  to  30  feet  thick  are  exposed  in  the  bluffs  along  the  stream. 

Little  Rock  Creek  enters  the  Wabash  about  one  mile  above  Lock- 
port.  Immediately  above  where  the  road  crosses  the  stream  the 
Lower  Devonian  limestone  outcrops  in  its  bed.  One  hundred,  yards 
further  up  the  stream  the  Upper  Devonian  shows  in  the  banks,  but  a 
better  exposure  of  it  may  be  seen  at  an  old  quarry  about  a  quarter  of 
a  mile  above  the  mouth  of  the  creek  and  about  one  hundred  yards 
to  the  west  of  it.  A  connected  section  of  these  outcrops  gives  the 
following: 

Ft.  In, 

1.  Surface  clay  and  soil 4  (i 

2.  Drab  colored  fine  textured    limestone,    brcakin[j: 

with  conchoidal  fracture  7 

3.  Gray  (jryatalline  limestone  1 

4.  Buff  to  brown  sandy  limestone,  some  layers  al- 

most pure  sandstone  2 

5.  Gray  shelly  limestone OtoS 

0.    Hard  blue  limestone 15 

7.    Gray  Niagara  limestone 1 

No.  2  carries  the  Spirifer  pennatvs  fauna  and  is  correlated  with  the 

Sellcrsburg  beds. 

Beds  3  to  6  carry  the  Spirifer  acumiimius  fauna  and  are  correlated 
with  the  JelTersonville  limestone.    The  composition  of  the  Sp.  acumi- 

naivs  fauna  as  represented  in  the  different  beds  from  3  to  G  does  not 

vary  m«Ttcrially.  and  the  following  list  repn»sents  the  fauna  of  these 

four  bods: 

Spirifer  dcuminatus  a,  Stropheodonla  demxMa  a,  Rhipidomella  vanuxemi  c, 
Stropheodonta  c(yncava  r,  Stropheodonla  preplana  c,  Cydorhina  nobilis  r, 
Athyris  fultoneam  c,  Atrypa  reticularis  c,  Spirifer  iowensls  r,  Reticvlaria 
fimbriata  c,  PentamareUla  arata  c,  Camarotoechiu  tethys  r,  Gamarotoechia  eon- 
gregata  r,  Trernatospira  hirsuta  r,  Tenta^ulitea  scalariformia  r,  Pholadistrophia 
iowensds  r,  Productdla  subaculeata  c,  Streptorhynchiis  chemungensis  arctostri- 
atuSy  Eunella  harmonia  r,  Stropheodonta  ineffuistriata  a,  Cyrtina  hamiltonen- 
sis  r,  Platyceras  thetis  a,  Platyceras  buculentum  a,  Platyceras  ventrieosum  r, 
PlatycerasfluctuosumCy  Platyceras  indiaiiensis  c^  Platyceras  blatchleyiu.  sp.  r, 
Dalmanites  boot/ii  a,  Phacops  rana  r,  Proetus  folliceps  r,  Platyceras  cmiicum 
r,  Platyceras  carinaium  c,  Turbo  ihumardi  r. 

No.  '<?  t'liriiished  the  following  fauna: 

Spirifer  pennatvs  c,  Martinia  syhumbmm  c,  Chojietes  manitobiensis  c. 
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It  is  interesting  to  note  that  not  one  of  these  three  species  is  known 
in  the  Devonian  sections  where  the  Sellersburg  beds  are  typically 
developed  near  the  Ohio  Biver.  They  are  all  Upper  Devonian  spe- 
cies, however,  and  the  beds  containing  them  are  for  that  reason  cor- 
related with  the  Sellersburg  beds. 

The  fauna  from  the  beds  just  below  these  is  essentially  the  same 
as  that  which  can  be  found  in  the  Jeflfersonville  limestone  at  nearly 
any  locality  in  southern  Indiana. 

Liltle  Rock  Creek  to  Georgetown, — The  Sellersburg  limestone  out- 
crops in  the  road  on  the  south  side  of  the  river  at  the  mouth  of 
Keep's  Creek.  It  is  here  a  fine  grained,  dark  gray  limestone,  with 
Spirifer  pennatus. 

The  Niagara  limestone  outcrops  in  the  river  below  the  mouth  of 
Crooked  Creek,  forming  the  bed  of  the  river  just  above  Keep's  Creek. 

Just  below  Georgetown  both  the  Niagara  and  the  Devonian  are  ex- 
posed on  each  side  of  the  river.  From  five  to  eight  feet  of  gray 
crystalline  Devonian  limestone  rests  unconformably  on  the  Niagara. 
The  line  of  contact  between  the  two  is  an  irregular  one,  frequently 
rising  or  sagging.  On  the  east  side  of  the  river  the  Niagara  dips 
from  six  to  18  degrees  to  the  east,  while  the  Devonian  limestone  lies 
horizontal  above  it.  The  Jeffersonville  limestone  is  the  only  division 
of  the  Devonian  present  here.  Spirifer  acuminatus  is  the  most  abun- 
dant fossil  in  it.  About  one-half  mile  below  the  Georgetown  bridge 
the  Niagara  limestone  dips  below  the  bed  of  the  river  and  the  De- 
vonian then  forms  the  river  bed  for  a  short  distance. 

Waverly — Loganspori. — No  outcTO])S  of  the  Devonian  have  been 
observed  between  Logansport  and  Georgetown.  The  extensive  quar- 
ries at  Kenneth  are  in  rocks  older  than  the  Devonian. 

About  one  mile  south  of  the  Wabash  at  l^gansport  a  lime  quarry 
is  operated  in  Devonian  limosione.  The  limestone  outcrops  fre- 
quently over  about  (30  acres  in  the  vicinity  of  the  lime  kilns,  and  over 
a  considerable  ]>art  of  this  tract  it  is  covered  bv  a  verv  few  inches 
of  soil  and  clay.  The  exposures  here  belong  to  the  Jeffersonville 
limestone. 

A  hard  gray  flaggy  limestone  outcrops  in  the  bed  of  the  Wabash 
River  above  the  wagon  bridge  at  I-/ogansport.  The  loss  of  paleon- 
tological  material  collected  here  has  prevented  a  positive  determina- 
tion of  their  age,  but  they  are  believed  to  be  of  Niagara  age. 

At  Keysport,  about  three  miles  above  Ix)gansport,  lime  is  ex- 
tensively manufactured  from  the  limestone  outcropping  on  the  north 
bank  of  the  Wabash.    The  section  in  the  quarry  is  as  follows: 
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Ft,  In. 

1.  Shelly  buff  limestone 4  « 

2.  Hard,    blue    limestone    with    calcareous    concre- 

tions   10  to  13 

3.  Light  buff  limestone 15 

No.  1  contains  an  abundance  of  Devonian  fossils  characteristic  of 
the  Jeffersonvillc  limestone.  Except  corals,  fossils  are  very  scarce  in 
2  and  3  of  the  section.  In  the  absence  of  satisfactory  material  for  the 
corFelation  of  these  beds,  they  are  provisionally  referred  to  the 
Niagara. 

X  

The  Devonian  limestone  shows  frequent  outcrops  above  Keysport, 
near  the  wagon  road,  as  far  as  the  upper  end  of  Cedar  Island.  Cedar 
Island  itself,  however,  appears  to  be  composed  entirely  of  Niagara 
rocks. 

On  the  south  side  of  the  Wabash  River,  just  above  Cedar  Island, 
an  isolated  mass  of  Devonian  limestone  forms  a  turret-like  mass  to 
the  south  of  the  road.  Similar  isolated  outcrops  of  the  Devonian 
occur  on  each  side  of  the  road  about  one  mile  west  of  the  mouth  of 
Pipe  Creek. 

South  of  Waverly  a  mile  and  a  half,  Devonian  limestone  outcrops 
in  the  river  bluffs  on  the  Casebeer  farm.  The  section  exposed  at  the 
roadside  is  as  follows: 

Dark  j?ray  limestone  with  rich  Lamellibranch   fauna 

and  corals  (Devonian)  4  feet. 

BulT  majrnesian  limestone  (Niagara) 14  feet. 

Adamsboroutrh  is  the  onlv  loonlitv  at  which  the  Devonian  is  known 
(o  outcrop  on  Kel  River.  'J'he  section  exposed  on  the  east  bank  of 
the  river  below  the  mill  shows: 

Wliite  sliolly  limestone  full  of  fossils 6  feet. 

Hard  bluish  gray  limestone  with  few  fossils 3  feet. 

ripe  Crcpl'. — This  stream  enters  the  Wabash  seven  miles  above 
I^o^ansport.  A  waterfall  about  seven  feet  in  height  occurs  two 
miles  above  its  mouth.  Below  the  fall  for  two  or  three  hundred 
yards  the  channel  is  cut  for  the  most  part  in  Niagara  limestone; 
above  the  falls  the  bed  of  the  stream  is  Devonian  limestone  for  sev- 
eral hundred  yards.  The  section  just  below  the  bridge  at  Pipe  Creek 
Falls  is  as  follows: 

Ft.  In. 

1.  Gray  limestone  (Devonian)  4  6 

2.  Hard  buff  limestone  (Niagara) 14 
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Tho  fossils  of  the  Devonian  liiiiofitone  here  show  it  to  be  the  repre- 
sentative of  the  JelTersonville  limestone.  Th  following  is  a  list  of 
the  Devonian  fauna  of  Pipe  (^reek  Falls: 

Oryptanella  ovalis  a,  OnjptoneHa  lens  c,  Rhyix^^honella  tenuistriata  c,  Rhyn- 
chonella  gainesi  c,  Trematosjyira  hirsuta  c,  Einiella  f^uUivanti  o,  Terrebratula 
romingeri  a.  Productdla  ftpinidicosta  a,  Atrypa  reticularis  c,  Centronella  no- 
vieella  r,  Ctfrlina  hamiltonen*\s  r,  Spirifer  angusta  r,  Eunella  harmonia  r, 
Spirifer  divaricatus  a,  EuneUa  Uncklaeni  c,  Spirifer  byrtiesi  var.  a,  Cydor- 
hina  iiobilis  r,  Siropheodonia  ififffuistriata  a,  Alhyris  fultonensis  r,  Stropheth 
dontu  demissa  r,  Rciicularia  fimbriata  a,  Avicidopeeten  tenninalis  r, 
Petttamarella  arota  c,  Proetus  crassimarginatus  r,  Proetus  folliceps  r,  Praetvs 
macroeephcdus  c,  -4dwiopteria  6(>^(/r  c,  Pierinope4:ieii  hennes  r,  Ijepiodesma 
sp.  r,  Platyceras  erectum  c,  PlaiyceroA  crassum  r,  Platyceras  indianeruis  r, 
Cyclonema  u.  ap.  r,  Eiiomphalus  planodUeiu*  r,  Euomphaliis  decewi  r,  Cairkx- 
rotoechia  mpplw  r,  Cama rotoeeJiia  iethys  c,  Spirifer  fomaculus  a,  Orthcihetes 
vhemungemi*  ardodriatus  r,  Callonema  bellatula  r,  Rhipidemella  lunuxeniif  r, 
(Jamarotoediia  gregaria  f  r,  Platyceras  conicum  r,  Platyceras  argo  f  c,  Platy- 
ceras echinotum  r,  Plalyftstoma  sp.  r,  Ijepiodesma  rogersi  c,  Cypricardina  in- 
detiia  c,  Paracyclas  dlptica  c,  Aviculopecten  invalidus  r,  Leiopteria  sp.  r, 
Avicolopccten  terminalis  r,  Glinopixtlia  exacutus  r. 

About  one  mile  aljove  Pipe  Creek  Falls  the  J)evonian  limestone 
out(Toj)s  in  the  bed  of  the  creek  just  below  the  ford.  The  limestone 
at  this  point  is  a  (hirk  blue,  impure,  somewhat  shelly  limestone,  with 
an  ahujuhinee  of  brvozoau  corals.  Sfrophmtlonfn  connira,  and  Rhipido- 
mella  vann.imi'f. 

Above  Fij)e  Creek  {''alls  no  Devonian  limestone?  outcrops  until  the 
vicinity  of  jiunker  Hill  is  rea<'hed.  Near  the  wa;:!:on  bridge  three- 
quarters  of  a  mile  northwest  of  Bunker  Hill  the  .leffersonville  lime- 
stone outcrops  alonir  the  creek  both  above  and  below  the  bridge. 
Above  the  ]»ri<l,i:(^  tlie  .Jcll'crsonville  limestone  is  a  rough  bedded  gray 
limestone.  an<i  forms  the  IxmI  and  sides  of  the  creek.  See  Plate  15. 
Below  the  iji'idge  '100  yards  is  tin*  following  section: 

1.    SlicUy  wliite  limestone  jnovenian)  5  f(H>t. 

li.    Dull  ;:rM.v  to  buff  nia^'uesinn  liiuestono  (Niaffarai..  .     (>  feet. 

The  following  is  a  list  of  the  fauna  occurring  in  the  Devonian  lime- 
stone near  Bunker  Hill: 

Spirifer  divaricatiis  a,  Produetella  spinuHcosia  e,  Camarofoechia  congre- 
gataf  r,  R/u/nchonella  gainesi  c,  Stropheodonia  ine</uistriata  a.  Rdicidaria 
fimbriata  a,  Pentamarelta  arata  c,  Spirifer  jnanni  r,  Spirifer  bymesi  r, 
Cyrtina  fuimUfonenxii*  r,  OrthotheUs  chemungensis  ardodriatus  r,  Rhynduh 
jieUa  fenuiHriata  r,  Atrypa  rdicularit*,  Pterinopedcn  hermes  r,  Pterinopecten 
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undotus  r,  Avieulapecten  terminalis  r,  Modiomorpha  sp.  r,  Platyceras  indi- 
anensis  r,  Cydonema  crenvlataj  EuompluduB^  sp,  Polj/phemopsis  louisvillae  fj 
Proetus  macrocephaluB  r,  Proetus  erassimarginatus  c,  Oryptonella  ovalis  r, 
CerUrandla  navicella  r,  Terrebraiula  romingeri  c,  Oryptonella  harmonia  o, 
AdUina  sp  r,  Cydonema  sp.  r,  Platyostoma  sp.  r,  i%itycera«  sp.  r,  Crypto- 
nella  lens  r,  Eunelia  lindclaeni  t^Avusulopeden  terminalis  r,  Pterinopecten 
hemie8  c,  Cyprieardinia  indenta  r,  Discina  sp.  r,  Camerotoediia  tethys  r,  Cy- 
dorhina  nobilis  r,  Athyris  fuUonenm  r,  Trematoipira  hirsuta  r,  Euomj^cdus 
deeewi  r,  Nudeocrinm  sp.  r,  Orthoeeras  sp.  r,  Polyphemopsia  louisvUlae  r, 
Ccdlonema  imitator  r,  PUUyogtoma  sp. 


CORRELATION. 

The  following  table  indicates  approximately  the  relations  which 
the  several  Devonian  formations  described  in  the  preceding  pages 
sustain  to  each  other: 


r             j=. : ■  —                         ~'  •                          = 

Southern  Indiana  Area.                      Pendleton  Area. 

Wabash  Area. 

New  Albany  shale 

Drift  covered 

New  Albany  shale. 
Sellersburg  beds. 

Jeffersonville  limestone. 

(S.  part  of  area.)    (N.  part  of  area.) 

Sellersbufff  beds) ? 

JefTersouville       SGeneva  limestone 

limestone) 

Pendleton  sandstone. 

When  the  first  attempts  were  made  to  determine  the  age  of  the 

New  Albany  sliale,  its  known  fauna  was  limited  to  one  or  two  species 

of  Lingula.    Since  the  discovery  of  the  Lexington  fossils  by  Borden 

in  IS74*  the  formation  has  l>een  correlated  with  the  Oenesee  of  the 
New  York  scale.    The  discoverv  bv  the  writer  of  a  new  fauna  in  the 

New  Albany  shal(»  at  Delphi  throws  some  additional  light  on  the 

difficult  problem  of  the  true  j)osition  of  this  formation  in  the  time 

scale.     Associated  with  several  species  which  are  new  or  uiuh^ter- 

mined,  we  find  in  this  fauna  Spafhinraris  ewersoni,  a  well   known 

representative  of  the  Naples  fauna  of  New  York. 

This  fossil  is  not  known  in  tlie  Genesee  in  th(^  N(»w  York  sections, 
but  occurs  in  the  Portage  and  even  as  high  as  the  Lower  Chemung. f 

Of  the  species  which  have  been  previously  known  in  the  New 
Albany  shale  at  least  three  are  characteristic  Oenesee  specie's;  one 
is  common  to  th(»  Portage  and  the  Genesee.  The  presenci>  in  the 
New  Albany  shale  of  a  (Jenesee  fauna  and  a  Pi)rtage  fauna  seems  to 
justify  the  conclusion  that  this  formation  is  tbe  western  re])rescnta- 
tive  of  both  the  Genesee  and  the  Portage. 

«»eol.  Sarv.  of  Ind.,  1874,  pp.  112-134. 
t  Bull.  U.  S.  Geol.  Sarv.,  No.  16,  p.  47. 
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The  Styliola  fissurella  fauna  docs  not  bear  any  stronger  evidence 
of  tlie  Genesee  age  of  the  New  Albany  shale  than  does  the  Spafhio- 
caris  emersoni  fauna  of  its  Portage  age;  these  two  faunas,  however, 
are  not  intermingled  in  the  New  Albany  shale.  While  there  is  no 
evidence  that  either  one  occupies  a  higher  stratigraphic  horizon  than 
the  other,  they  are  found  in  unlike  sediments.  The  Styliola  fissurella 
fauna  is  confined  to  the  fissile  black  shale,  while  the  Spathiocaris 
emersoni  fauna  occurs  in  a  soft  drab  shale  which  is  interbedded  with 
the  Hack  shale  in  northern  Indiana.  The  New  Albany  shale  of 
northern  Indiana  contains  in  its  fissile  black  strata  and  its  drab 
sandy  beds  the  lithologic  elements  of  both  the  Genesee  and  the 
Portage.  But  neither  these  beds  nor  the  elements  of  the  Genesee 
and  Portage  faunas  which  they  contain  are  sharply  differentiated  as 
they  are  in  the  eastern  Devonian  province. 

The  problem  of  the  correlation  of  the  Devonian  limestones  with 
the  New  York  scale  is  much  more  difficult  for  some  parts  of  the 
Indiana  province  than  for  others.  In  the  vicinity  of  the  Falls  of  the 
Ohio,  we  find  two  quite  distinct  and  well  marked  faunas.  These 
are  the  Spirifer  granulosus  and  the  Spirifer  acuminatum  faunas,  and 
represent  respectively  the  Hamilton  and  Corniferous  faunas  of  New 
York.  Near  the  Falls  of  the  Ohio  the  Sellersburg  beds  and  the 
Jeffersonville  limestone  which  carry  these  faunas  are  sharply  differ- 
entiated lithologically,  the  Jeffersonville  limestone  being  a  nearly 
pure  limestone,  and  representing  clear  water  conditions  during  its 
deposition,  wliile  the  Sellershurg  beds  are  composed  of  an  impure  ar- 
gillaceous limepione.  In  the  northern  part  of  the  southern  Indiana 
area  those  two  formations  cease  to  be  sharply  differentiated  lithologic- 
ally  and  merge  into  each  oilier  in  a  limestone  which  is  neither  so 
pure  as  the  Jeffersonville  limestone  nor  so  argillaceous  as  the  Sellers- 
burg  l)eds  near  the  Falls.  Assor-iated  wiih  the  loss  of  individuality 
of  these  two  formations  occurs  a  mingling  of  their  two  faunas  which 
renders  them  indistinguishable  as  separate  faunas. 

In  the  Wabash  area  the  faunas  of  the  Devonian  limeslone  are  even 
more  distinct  than  at  the  Falls  of  the  Ohio.  In  the  lower  one  Spirifer 
arunnnn/us  is  an  abundant  fossil  and  the  fauna  does  not  differ 
greatly  from  that  in  the  Jeffersonville  limestone  at  the  Falls  of  the 
Ohio.  The  upper  fauna  is  a  distinctly  Hamilton  fauna,  but  entirely 
different  from  the  Hamilton  fauna  of  southern  Indiana.  Two  of 
the  most  abundant  fossils  in  it  are  Spirifer  pemialus  and  Choneles 
manitohiensis.  Neither  of  these  species  is  known  in  the  southern 
Indiana  area. 
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PART  II.— PALEONTOLOGY. 

DEVONIAN  BLACK  SHALE  FOSSILS. 

BRACHIOPODA. 
LEIORHYNCHUS. 

A.     Plications  angular  or  subangular,  nearly  uniform  in  character/ covering 
the  entire  surface  of  the  shell.  L.  limitaris, 

A  A.     Plications  rounded,  not  uniform;  those  on  sides  of  shell  obscure  and  fre- 
quently becoming  obsolete  toward  the  margin.  L.  qwidTieostata, 

Lemrhynchus  quadricostatum  (VaDUxem). 

PI.  I.  figs.  5,5a. 

L.  quadricostatum  Hall,  Pal.  N.  Y.,  1867,  Vol.  IV,  p.  356,  PI.  56, 
figs.  44-49. 

*HaWs  description. — "Shell  broadly  ovate  somewhat  gibbous,  with 
distinct  mesial  fold  and  sinus.  Ventral  valve  a  little  gibbous  towards 
the  beak;  sides  nearly  fiat  with  a  wide  mesial  fold  and  sinus.  Dorsal 
valve  more  gibbous  than  the  opposite,  greatest  convexity  in  the  mid- 
dle of  the  valve;  mesial  fold  prominent.  Surface  of  mesial  fold 
marked  by  three,  four  or  five  rounded  plications  which  bifurcate 
above.  Sides  of  the  valves  obscurely  marked  by  rounded  plications, 
which  become  obsolete  toward  the  margin,  and  sometimes  this  part 
of  the  shell  is  entirely  free  from  any  markings  whatever." 

A  cast  of  the  dorsal  valve  shows  it  to  possess  a  thin,  high  median 
septum  extending  a  little  more  than  one-third  the  length  of  the 
valve,  terminating  under  the  umbo  in  a  rounded  subovate  process. 
The  s])(Hiniens  present  considerable  variation  in  the  number  and 
strength  of  the  plications. 

This  shell  is  known  only  at  a  few  localities  where  it  is  very  abun- 
dant. 

Formation  and  locality. 

Xew  Albany  shale;  Lexington,  Falls  of  the  Ohio  and  Kelt's  Mill, 
Jennings  County. 

Ijtiorhynchus  limitare  (Vanuxem). 

This  species  was  recognized  by  Whitfield  in  a  collection  from  Lex- 
ington, lie  states  that  "only  a  few  individuals  in  the  collection  can 
with  certainty  be  referred  to  this  species.     They  are  flattened  on 
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the  surfaces  of  the  shale  and  resemble  very  closely  those  so  common 
in  the  Marcellus  shale  of  New  York."* 

Formation  and  locality. 
New  Albany  shale;  Lexington. 

Ghonetes  tejMus  Hall. 

Pl.l.fiip.7. 

C.  lepidiis  Hall,  Pal.  N.  Y.,  1867,  Vol.  IV,  p.  132,  PI.  21,  fig.  5. 

Shell  very  small,  subhemispherical  in  outline.  Ventral  valve  mod- 
erately gibbous  with  a  well  marked  medial  depression  in  which  there 
are  from  one  to  four  striae;  curving  abruptly  to  the  sides  and  front, 
with  cardinal  angles  scarcely  flattened.  Dorsal  valve  following  the 
curvature  of  the  opposite  valve  but  less  arched.  Area  of  the  ventral 
valve  narrow,  widest  in  the  middle.  Area  of  dorsal  valve  scarcely 
equal  to  the  thickness  of  the  shell.  Surface  marked  by  slender 
angular  bifurcating  striae,  of  which  there  are  from  twenty  to  thirty 
near  the  margin,  and  half  as  many  near  the  umbo.  One  of  the  striae 
on  each  side  of  the  sinus  in  the  ventral  valve  is  stronger  and  more 
prominent  than  the  others  near  the  beak.  Two  or  three  spines  may 
usually  be  seen  on  the  hinge  line  on  each  side  of  the  beak.  The 
interior  of  the  dorsal  valve  shows  a  longitudinal  depression  and  the 
course  of  the  striae  is  well  defined  and  strongly  papillose. 

This  s]>ecios  is  quite  abundant  in  some  localities  occurring  with 
Sfyl tola  fiss u rella . 

Formation  and  locality. 

New  Albany  shale;  llclt's  Mill  and  Scipio,  Jennings  County,  New 
Albany,  Lexinirton  and  Bartholomew  Count  v. 

Lingxda  spatidata  Vanuxeni. 
Pi.I.  fig.  1. 

I.,  spaliilata  Hall.  Tal.  K.  Y,,  1807,  Vol.  IV,  p.  i:|,  PI.  1,  fig.  1. 

Jfnlfs  drsrn'pllon.  —  ''Slu.'ll  small,  suhspatulato  or  subelliptical, 
niodiTatclv  convex,  attenuate  toward  the  beak,  the  ventral  valve 
Ix'ing  more  acute;  greatest  width  across  the  middle  of  the  shell; 
length  (which  is  scarcely  three-tenths  of  an  inch)  about  twice  as  great 
as  tlu*  width.  Surface  niarkcMl  bv  fine  concentric  striae,  and  in  the 
exfoliated  shells,  bv  faint  radiating  stria(\'' 

I  have  found  this  a  common  species  at  two  localities. 

F omul f ion  and  locali/y. 

Xew  Albany  shale;  Crothcrsville,  Lexington  and  Falls  of  the  Ohio. 

*  Geol.  Surv.  of  Ind.,  1874,  p.  180. 
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Barrioidla  subspatulata  Meek  &  WortheD. 

B.  subspatulata  Hall  &  C,  Pal.  N.  Y.,  VIII,  Pt.  I,  1892,  p.  G3, 
PI.  2,  figs.  14-16. 

Shell  narrow,  elliptical,  sides  regularly  curving  or  sometimes  nearly 
straight;  length  a  little  less  than  twice  the  width.  Anterior  end 
broadly  rounded,  posterior  extremity  more  or  less  acute.  The  sur- 
face is  marked  by  fine  concentric  striae.  Near  the  front  and  sides  in 
perfectly  preserved  shells,  the  surface  shows  under  a  good  lens  a  deli- 
cately corrugated  surface  ornamentation.  No  radiating  striae  have 
been  observed. 

This  species  is  abundant  in  many  localities. 

Formation  and  locality. 

New  Albany  shale;  Kelt's  Mill,  Jennings  County,  Crothersville, 
Delphi  and  Eockford. 

Schizobolus  concentricus  (Vanuxem). 
PI.  I,  figs.  2, 3. 

Discina  truncate  Hall,  Pal.  N.  Y.,  1867,  p.  23,  PI.  1,  fig.  15:  PI.  2, 
figs.  36,  37. 

Ilairs  description. — "Shell  ovate,  the  anterior  end  broader;  valves 
depressed-convex.  Dorsal  valve  with  the  apex  near  the  posterior 
margin,  and  directed  backwards;  posterior  margin  very  abruptly 
rounded  or  truncate. 

** Ventral  valve  with  the  apex  submarginal;  forairlen  extending 
nearly  or  quite  to  the  posterior  margin,  which  is  indented.  Surface 
marked  by  fine  concentric  striae  and  faint  radiating  undefined  lines." 

This  is  an  abundant  species  in  the  black  shale  at  the  Falls  of  the 
Ohio.  The  posterior  margin  is  often  rounded  and  the  shell  nearly 
circular. 

Farm  at  ion  and  locality. 
New  Albanv  shale;  Falls  of  the  Ohio. 

Orbiculoidea  lodiensis  (Vanuxem)? 
PI.  I.  fig.  4. 

Discina  lodiensis  Ilall,  Pal.  N.  Y.,  1867,  Vol.  TV,  p.  22,  PI.  1,  (\^y. 
14;  PI.  2,  fig.  35. 

Till!  spccimon,  wliich  is  referred  witli  some  doubt  to  this  species, 
is  the  imj)ression  of  a  rather  poorly  preserved  pedicle  valve.  The 
outline  of  the  impression  is  very  indistinct  and  it  is  not  entirely 
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certain  that  the  pedicle  slit  extends  to  the  margin  of  the  valve  as 
iTulicafod  by  the  figure.  The  specimen  measures  three-twentieths  of 
an  incii  in  length. 

Formal^  '^  and  locality. 
New  Aibiinv  siiale;  Falls  of  the  Ohio. 

Siroplieodonta  sp. 
PI.  I,  fig.  6. 

Associated  with  Spathiocaris  emersoni  several  specimens  of  a 
small  species  of  Stropheodonla  have  been  found  in  a  drab  colored 
band  of  shale  in  the  Blac^k  shale.  All  of  the  spocin  ^^ns  are  exfoliated 
and  too  poorly  preserved  to  permit  of  detailed  description. 

Formation  and  locality. 
New  Albany  shale;  Delphi. 

PELECYPODA. 

PcUeoneilo  sp. 

PI.I,  fiirf.8,8a. 

Shell  small  subovate,  length  nearly  one-third  greater  than  the 
height.  Anterior  end  short  and  regularly  rounded.  Basal  margin 
regularly  ronnded,  hinge  line  straight  posterior  to  the  beaks;  anterior 
to  the  beaks  it  descends  to  the  anterior  margin.  Valves  gibbous  in 
the  umbonal  region;  nearly  uniformly  convex,  no  umbonal  slope. 
Beaks  at  about  the  anterior  third,  sliglitly  elevated  above  the  hinge 
line.  Anterior  and  posterior  muscular  sears  strongly  marked.  Six 
or  seven  small  impressions  near  each  of  the  beaks  marks  the  position 
of  the  points  of  attachment  of  umbonal  muscles.  A  distinct  sharp 
ridge  extends  from  the  upper  angle  of  the  anterior  and  posterior 
muscular  scars  along  the  cardinal  line  almost  to  the  beaks,  indicating 
the  position  of  corresponding  grooves  in  the  valves. 

The  specimen  di^scribed  is  a  east  and  preserves  no  surface  mark- 
ings. 

Form  a  lion  and  locality. 

New  Albany  shale;  Delphi. 

Pannika  radians  (Hall). 

Cardiola  radians  Whitfield,  nth  Ann.  Rep.  Tnd.  Geol.  Surv.  1875, 
p.  126. 

Whitfield  recognized  this  species  or  a  species  allied  to  it  in  a  col- 
lection sent  him  from  the  New  Albany  shale  of  Scott  County.    The 
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poor  state  of  preservation  of  speeimenB  referred  to  this  species  and 
to  Panenl'a  robv^ia  makes  this  specific  determination  doubtful. 

Panenka  sp. 

Badly  crushed  shells  which  resemble  Panenka  rdbusta  have  been 
found  in  the  Black  shale.    They  are  comparatively  rare. 

Horizon  and  locality. 

New  Albany  shale;  Lexington  and  llelt's  Mill,  Jennings  County. 

Lunidicardium  fragile  Hall. 

L.  Fragile  Hall,  Pal.  .N.  Y.,  Vol.  V,  Pt.  I,  1885,  p.  434,  PI.  71, 
figs.  1-14. 

This  species  is  included  here  on  the  authority  of  Hall,  who  states 
that  "It  has  likewise  been  noticed  in  the  Genesee  shale  of  Ohio,  and 
Indiana/'  If  Hall's  statement  is  correct,  L.  fragile  is  certainly  a  very 
rare  species  in  Indiana. 

Horizon  and  locality. 

New  Albany  shale;  locality? 

GASTEROPODA. 

PU'thospira  socialis  (Tirty  ? 
PI.  I,  fig.  9. 

Shell  rather  small  with  three  rapidly  expanding  volutions.  Spire 
depressed  and  small.  The  body  whorl  comprising  about  seven- 
eighths  of  the  bulk  of  the  shell.  Volutions  regularly  rounded,  nearly 
circuhir  in  transverse  section.  Umbilicus  open.  Surface  markings 
not  preserved.  Specimens  varying  in  diameter  from  6/25  to  i  inch 
in  (liaiueter.    Diameter  usually  somewhat  greater  than  the  height. 

Nearly  all  of  my  specimens  are  considerably  larger  than  the  species 
described  by  Mr.  (Jirty  but  they  agree  with  it  pretty  closely  in  form 
and  proportions.  The  entire  absence  of  surface  markings  from  the 
spticimens  liere  described,  however,  makes  their  identification  with 
P.  socialis  very  uncertain. 

Vormalion  and  locality. 
New  Albany  shale;  Delphi. 

Pleurotomaria  sp, 
PI.  I,  fig.  11. 

Shell  turbinate,  spire  rather  slender,  apex  minute.  The  spire  con- 
sists of  three  volutions,  increasing  gradually  to  the  body  whorl,  which 
expands  more  rapidly  and  is  a  trifle  ventricose.    Aperture  oval. 
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The  specimens  preserve  only  traces  of  the  surface  markings.  The 
body  whorl  shows  a  revolving  band  limited  by  strong  revolving  lines. 
Transverse  striae  mark  the  volutions  of  the  spire. 

Formation  and  locality. 
New  Albany  black  shale;  Delphi. 

Macrochilinaf  8p. 

PI.  I,  fif.  10. 

Shell  conical;  spire  gradually  tapering  to  the  apex  which  is  minute. 
Volutions  four  and  a  half  or  five;  regularly  rounded  and  nearly  cir- 
cular in  transverse  section.     Aperture  undetermined. 

All  of  the  specimens  o]>scrvod  are  interior  casts,  preserving  none 
of  the  surface  markings. 

Formation  and  locality. 
New  Albany  shale;  Delphi. 

Straparolhis  sp. 

PI.  I,  fi«.  12. 

Shell  small;  spire  slightly  (jlevated  above  the  body  whorl.  Volu- 
tions three  or  four,  ex])anding  gradually  to  the  outer  whorl,  which 
increas(\s  more  ra])idly.  Umbilicus  equals  about  one-third  the  diam- 
eter of  the  slw»ll.  Transverse  se(*tion  of  volutions  subquadrangular 
to  roumltMl.  Some  of  the  specimens  i>reserve  traces  of  transverse 
striae. 

Tlic  rid«jfcs  on  th<'  outer  whorl  sliowii  in  the  figure  have  developed 
during  the  pyritization  of  the  shell. 

'^riie  collections  contain  a  number  of  specimens  of  tliis  shell,  all 
in  a  V(»ry  poor  state  of  preservation. 

Forma/ inn  and  loco  lit]/. 
New  Albany  shale;  l)eli)hi. 

Siyliola  fasurella  Hall . 
PI.  II,  fig.  9. 

S.  fissurella  Hall,  Pal.  N.  Y.,  Vol.  V,  Pt.  IT,  p.  178,  PI.  31A, 
figs.  1-30. 

/Ar///\  di'srri/tfion. — "Form  an  extremely  slender,  elongate  cone, 
like  the  })(>int  of  a  small  needle.  A])ical  j)ortion  of  the  tube  solid. 
Apex  extremely  minute,  often  bulbifonn,  and  very  gradually  enlarg- 
ing to  the  mouth.  Surface  often  smooth  and  without  any  visible 
ornamentation,  so  far  as  can  be  determined;  or  with  fine  striae  of 
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growth  which  are  unequally  developed  on  different  parts  of  the  shell; 
and  also  with  fine  longitudinal  striae,  which  may  be  present  vnih.  or 
without  transverse  striae.  Usual  length  from  one  to  two,  sometimes 
two  and  a  half  and  rarely  five  millimeters." 

This  species  occurs  in  the  New  Albany  shale  at  some  localities 
in  great  abundance;  several  thousand  individuals  oftx^n  cover  a 
few  square  inches  of  shale.  The  shells  are  nearly  always  crushed, 
a  depressed  line  marking  the  place  of  fracture  along  the  middle  of 
the  shell.  Nearly  all  of  the  specimens  seem  to  be  without  surface 
omamentiition.    A  few,  however,  have  fine  longitudinal  striae. 

Formation  and  locality. 

It  occurs  in  the  New  Albany  shale  associated  with  Choneies  hpida 
and  Leiorliynchus  mesacostalis,  and  in  such  abundance  that  I  have 
designated  the  faunal  zone  in  which  it  occurs  as  the  Styliola  fissurella 
zone  (see  Bull.  Am.  Pal.  No.  12,  p.  1 11):  Falls  of  the  Ohio,  Tx^xington, 
Helt's  Mill,  .lennings  County,  Soipio,  and  Newbern. 

CEPHALOPODA. 

QoniatUes  wahatilienm  n.  sp. 
PI.  II,  figs.  4,  4a. 

Shell  small,  discoid,  the  thickness  of  the  disc  ])eing  about  one-third 
of  the  diameter.  Umbilicus  large,  exposing  all  the  volutions,  which 
are  five  or  six  in  number.  Outer  volutions  embracing  the  inner  ones 
very  slightly  or  not  at  all.  The  periphery  of  the  outer  volution  is 
flattened  or  very  slightly  com})ressed  and  the  sides  rounded.  The 
sutur(*s  of  the  septa  in  passing  from  the  inner  umbilical  margin  of 
the  volution  describe  a  gentle  ba(»kward  curve  on  the  side  of  the 
volution,  and  then  swing  forward  to  the  peripheral  face  where  they 
make  an  abrupt  retral  curve  describing  a  deep  sinus  in  the  middle  of 
th(»  periphery.  The  surface  is  nuirked  by  fine  transverse  striae  which 
arch  backward  on  the  periphery  of  the  volution.  Chamber  of  habita- 
tion and  siphunde  unknown. 

1'his  species  is  so  unlike  the  other  form  here  described  as  to  require 
no  comparison  with  it.    Only  two  specimens  have  been  found. 

Format  ion  and  locality. 
New  Albany  shale;  Delphi. 

Ooniaiites  delphiensis  n.  sp, 

PI.  II,  fifff.l,la,2,S. 

Shell  small,  flattened  or  slightly  convex,  periphery  rounded.  Volu- 
tions about  four  and  a  half.    Inner  volutions  embraced  in  the  dorsal 

87-Qeol. 
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groove  of  the  succeeding  ones  to  the  depth  of  from  one-half  to  three- 
fourths  of  their  dorso-ventral  diameter.  The  ratio  of  the  dorso- 
ventral  to  the  transverse  diameter  of  the  outer  volution  about  as 
three  to  four.  The  umbilicus  is  large  and  open,  exposing  the  inner 
margin  of  all  the  volutions  and  the  minute  bulbous  protoconch. 
The  sutures  in  passing  outward  from  the  dorsal  groove  make  a  very 
slight  forward  curve;  in  crossing  the  umbilical  angle,  they  curve 
gently  backward,  and  then  make  a  deep  forward  curve  to  the  middle 
of  the  lateral  face  of  the  volution,  whence  they  curve  abruptly  back- 
ward to  the  margin  of  the  periphery,  the  septa  bend  forward  from 
the  margin  of  the  periphery,  describing  a  shallow  saddle  on  each  side 
of  the  middle  of  the  periphery,  with  a  short  narrow  back^-ard  point- 
ing lobe  between  them.  The  chamber  of  habitation  has  not  been 
observed. 

The  surface  in  the  earlier  or  nepionic  and  neanic  stages  is  marked 
by  prominent  transverse  ridges,  which  bend  backward  slightly  in 
crossing  tlie  periphery.  These  annulations  are  very  prominent  and 
well  developed  in  the  earlier  volutions.  In  the  later  ones  they  de- 
crease in  strength  and  finally  disappear,  transverse,  rather  crowded 
striae  taking  their  place.  The  later  representatives  of  the  annula- 
tions do  not  extend  entirely  across  the  volution  but  are  confined  to 
the  umbilical  margin. 

The  individuals  vary  in  size  from  one-eighth  to  one  and  a  quarter 
inches  in  diameter. 

This  species  rather  closely  resembles  Ooniatites  simulator  Hall  in 
the  character  of  the  sutures,  but  the  peripheral  lobes  and  saddles 
seem  to  be  somewhat  shallower  than  in  that  species. 

Formation  and  locality. 
New  Albany  shale;  Delphi. 

Orthoceras  sp. 

PI.  II,fif.8. 

Shell  sirialL  straight,  and  regularly  expanding  from  the  apex. 
Transverse  section  circular.  Initial  extremity  and  chamber  of  habita- 
tion unknown.  Thickness  of  air  chambers  equal  to  two  and  a  half 
or  three  times  the  width  of  the  shell.    Siphuncle  unknown. 

Formation  and  locality. 
New  Albany  shale;  Delphi. 


^ 
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CRUSTACEA. 

Spathoeharis  emersoni  Clark. 

PI.  II,  fiff8.5,6,7. 

Carapace  elliptical  or  subquadrate  in  general  outline.  The  cephalic 
or  rostral  cleft  extends  about  oncTthird  the  length  of  the  shield.  The 
sides  of  the  cleft  diverge  from  20  to  45  degrees.  All  of  the  speci- 
mens are  flattened  and  the  originiail  elevation  and  character  of  the 
apex  is  not  shown.  Anterior  extremities  of  the  carapace  rounded; 
posterior  extremity  rounded  or  subtruncate.  Surface  marked  by  fine 
striae  following  the  outline  of  the  margin  of  the  carapace.  These 
are  very  indistinct  in  some  individuals.  The  radiating  lines  on  the 
posterior  extremity  mentioned  in  Clark^s  description  of  8.  emersoni 
have  not  been  recognized.  The  test  consists  of  a  very  thin,  black 
chitinous  substance. 

This  species  has  been  found  at  one  locality  only,  where  it  is  rather 
common  in  a  bed  of  drab  colored  shale  occurring  in  the  New  Albany 
shale.  Associated  with  it  occurs  a  small  species  of  Stropheodonia 
and  Barriosellu  subspatulata. 

Formation  and  locality. 
New  Albany  shale;  Delphi. 

DEVONIAN  LIMESTONE  FOSSILS. 
BRAOHIOPODA. 

Orbicidoidea  doria  Hall. 
PI.  III.  fig.  7. 

Discina  doria  Hall,  Pal.  N.  Y.,  1867,  Vol.  IV,  p.  IJ),  PI.  2,  figs. 
19-22,  31. 

HaWs  descripiion. — ^'Shell  subcircular  or  oblate,  the  transverse 
diameter  usually  the  greater.  Dorsal  valve  convex;  apex  elevated 
subiorminal.  Ventral  valve  flat  or  concave,  the  apex  excentric;  fora- 
men comparatively  large,  oval,  with  margins  depressed.  Shell  thin. 
Surface  marked  by  fine  concentric  striae,  and  the  cast  by  folds  or 
wrinkles  in  the  same  direction." 

Seven  specimens  in  Mr.  Green's  collection  are  referred  to  this 
species  with  some  doubt.  The  dorsal  valve  which  is  partially  exfoli- 
ated, shows  very  faint  traces  of  concentric  striae  near  the  margin. 
The  apex  is  less  elevated  and  more  terminal  than  in  HalFs  figures. 
The  pedicle  valve  is  marked  by  ten  or  twelve  strongly  impressed  con- 
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centric  lines,  and  the  spaces  between  them  by  very  fine  concentric 
striae.    Six  specimens  are  attached  to  Spirifer  granulosus. 

Formation  and  locality. 

Sellersburg  beds;  Clark  County. 

Roemerella  grandis  (Vanuxem). 

Discina  grandis  Hall,  Pal.  N.  Y.,  1867,  Vol.  IV,  p.  IT,  PI.  1,  fig.  18; 
PL  2,  figs.  32,  33.  Discina  grandis  Hall  and  Whitfield,  27th  Rep. 
N.  Y.  Slate  Cab.  Nat.  Hist.,  1875,  PI.  9,  figs.  33-35. 

IlnlVs  description, — "General  form  broadly  and  transversely  ellip- 
tical, ])lano-convox  or  concavo-convex.  Dorsal  valve  sometimes  ex- 
tremely elevated;  apex  siibcentral,  a  little  on  one  side  of  the  trans- 
verse axis.  Ventral  valve  usuallv  moderatelv  concave;  foramen  reach- 
ing  from  the  center  or  near  the  center  towards  one  side  but  varying 
somewhat  in  different  individuals.  Surface  marked  by  fine  concentric 
striae,  crowded  n(»ar  the  center,  and  more  distant  and  sharply  ele- 
vated towards  the  margin." 

This  species  is  comparatively  rare.  The  specimens  at  hand,  num- 
bering six,  measure  from  one  to  one  and  two-fifths  inches  in  their 
transverse  diameter.  Tlu»  cast  of  the  dorsal  valve  figured  has  a 
depth  of  three-sevenths  of  an  inch,  and  a  transverse  diameter  of  one 
and  one-tenth  inches. 

Formation  and  locnUty. 

Sellersburg  heds;  Charlestown. 

Pholidops  sp, 

PI.  III.  fiff.  4. 

A  few  unattached  valves  liave  been  found  in  the  Spirifer  arumi- 
nn/iis  zone  of  Jiorthern  Indiana  which  are  referred  to  this  genus. 

The  specimen  figured  is  marked  by  strongly  lamellose  lines  of 
growth.  1'he  a]>ox  is  mod(M*ately  elevated  and  slightly  nearer  the  pos- 
terior than  the  anterior  margin. 

Forma/ inn  and  locality. 
Jeffersonville  limestone;  Bunker  Hill. 

CRANIA. 

A.     Surface  with  radiating  striae. 

b.     Dorsal  valve  depressed  posterior  to  the  beak.  C.  greeneu 
bb.     Dorsal  valve  not  depressed  posterior  to  the  beak. 

c.     Striae  very  fine.  C.  sheldoni. 

cc.     Striae  not  very  fine.  G.  erenistria. 

A  A.     Surface  withont  radiating  striae.  C,  granota. 
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Orania  sheldoni  White. 

Pl.III,fif.2. 

C.  bordeni  Hall,  24th  Rep.  N.  Y.  State  Cab.  Nat.  Hist.,  1872, 
p.  187. 

Hall  and  WhUfield^s  original  description. — "Shell  depressed  conical 
about  half  as  liigh  as  wide;  l)eak  subcentral,  slightly  nearer  the 
anterior  end.  Surf  acre  marked  by  fine  radiating  striae,  and  somewhat 
strong  lines  of  growth,  giving  a  rugose  character  to  the  surface, 
especially  toward  thg  margin." 

The  specimens  at  hand  show  from  12  to  15  striae  near  the  margin 
in  tlie  space  of  one-tenth  of  an  inch.  The  striae  are  sometimes  irreg- 
ular in  character,  swelling  at  intervals  into  node-like  expansions. 

This  is  a  rare  species. 

Forrtinfion  and  locality. 

•    Scllcrsburg  beds;  Charles  town. 

Crania  crenistriu  Hall. 
Pl.IIl.flg.i. 

0.  crenistria  Hall,  Pal.  N.  Y.,  1867,  Vol.  IV,  p.  28,  PI.  3,  figs.  13-16. 

JlaWfi  drsrription. — "Dorsal  up])cr  valv(»  very  depressed,  conical, 
subcin-ular  apex  central  or  subccjitral,  a  little  inclined.  Surface 
inarkcMl  hy  sharp  elevated  crcnulate  siriae  reaching  almost  to  the 
apex  (wlnCli  is  quite  siiiooili),  and  increasing*  l)y  ini(*rstitial 
additions.'^ 

Mr.  (irccn's  collection  contains  four  specimens  of  this  species — the 
only  specimens  I  have  seen.  Two  of  these  are  attached  to  Brachio- 
])ods  and  two  of  tlicm  to  a  riatt/reras;  one  of  these  is  attached  inside 
the  mouth  of  the  shell. 

Formal  ion  and  locality. 

Jeffersonville  limestone;  Falls  of  the  Ohio. 

Crania  granosa  Hall  and  Clarke. 

Pl.III,fiR.3. 

V.  granosa  Hall  and  Clarke,  Pal.  N.  Y.,  VIIT,  Pt.  T,  1892,  p.  180, 
PI.  4 1 r,  figs.  19-20. 

Dorsal  valve  greatly  depressed,  shell  subcircular,  apex  nearly  cen- 
tral. Surface  covered  with  fine  granules  and  marked  by  a  few  con- 
centric lines  of  growth. 

T  have  seen  ])ut  one  specimen  of  this  species  which  is  attached  to  a 
Sfrnphrodfynfa. 

Formation  and  locality. 
Jeffersonville  limestone;  Falls  of  the  Ohio. 
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Orania  greenei  Miller. 

C.  greenei  Miller,  18th  Rep.  Ind.  Geol.  Surv.,  1894,  p.  310,  PI.  9, 
fig.  7. 

Miller^s  original  descripHon, — "Shell  large,  subeircular,  broadly 
convex,  depressed  posterior  to  the  beak,  height  about  one-third  the 
diameter.  Apex  subcentral,  obtuse.  Surface  bears  a  few  concentric 
imbricating  lines  of  growth,  and  is  marked  by  irregular  transverse 
striae,  some  of  which  are  deflected  on  the  anterior  side  of  the  shell, 
and  also  by  faint  radiating  lines  that  somewhat  sculpture  the  surface 
especially  towards  the  margin.  Lower  valve  and  muscular  impres- 
sions unknown." 

Formation  and  locality. 

"Upper  Helderburg;"  Falls  of  the  Ohio. 

Crania  «p. 
PI.  Ill,  fig.  8. 

The  specimen  figured  is  a  ventral  valve  which  1  have  not  been  able 
to  identify  with  any  descrilJed  species. 

Valve  transversely  subovate.  The  margin  of  the  interior  is  marked 
by  a  broad  thickened  ridge  around  the  front  and  sides,  and  by  a 
distinctly  developed  cardinal  area  at  the  posterior  side  of  the  shell. 
Muscular  scars  deeply  impressed.  Vascular  sinuses  covering  the 
space  at  the  sides  and  in  front  of  the  anterior  adductors.  The  ex- 
terior of  the  valve  shows  no  indication  of  having  been  attached. 
It  is  marked  by  coarse  lamnielose  linos  of  growth,  giving  an  irregu- 
lar, roughly  flattened  surface.  The  dorsal  valve  has  not  been  seen. 
The  species  is  based  on  a  specimen  in  Mr.  Crreon's  collection. 

Formation  and  locality. 

Sellersburg  beds;  Charlestown. 

Craniella  hamiltoniae  Hall. 

PI.  Ill,  fig.5. 

Chaniae  hamiltoniae  Hull,  Pal.  K  Y.,  1867.  Vol.  TV,  p.  27,  PI.  3, 
figs.  17-23. 

TlalVs  description. — "Shell  broadly  oval  or  subeircular.  Dorsal 
valve  subeonical;  apex  subcentral  or  cxcentric,  pointed  in  well  pre- 
served specimens,  often  worn  or  decorticated.  Exterior  surface  of 
dorsal  valve  marked  bv  concentric  lammelose  striae.  Ventral  or 
lower  valve  marked  by  four  strong  impressions  of  the  adductor 
muscles,  which  are  variable  in  form;  the  posterior  ones  are  distant, 
the  anterior  ones  approximate,  diverging  above  and  assuming  a  some- 
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what  cordiform  appearance,  the  pit  for  the  protractor  muscles  occu- 
pying the  space  between.  Vascular  impressions  strongly  digitate." 
The  upper  valve  frotn  which  the  interior  is  here  figured  is  very 
much  depressed,  having  an  elevation  of  about  one-seventh  of  an  inch. 
The  exterior  is  entirely  covered  by  a  bryozoan  growth.  This  is  a 
rather  rare  species. 

Formation  and  locality, 

Jeflfersonville  limestone;  Falls  of  the  Ohio,  Pipe  Creek  Falls  and 
Bunker  Hill. 

Olossina  triangvlaia  Nettleroth. 

Lingulae  triangulata  Nett.,  Ky.  Foss.  Shells,  1889,  p.  34,  PI.  26, 

fig.  1. 

NetilerotWs  description. — "Shell  of  medium  size;   subtriangular  or 

broadly  subovate.  The  lateral  margins  form  at  the  apex  an  angle  of 
about  sixty  degrees;  the  sides  slope  from  apex  to  two-thirds  the 
length  of  the  shell  in  a  straight  line;  from  there  they  curve  gently  to 
basal  margin,  which  is  broadly  rounded.  Shell  is  moderately  convex 
from  beak  down  to  front,  but  depressed  almost  flat  at  the  margins. 
The  greatest  width  is  about  one-third  of  length  of  shell  from  the 
front;  width  is  smaller  than  length.  The  specimen  before  me  meas- 
ures twelve  lines  in  length  by  ten  lines  in  width.  Shell  itself  is 
thick.  The  surface  is  marked  by  fine  concentric  lines  of  growth, 
and  also  by  fine  radiating  striae,  both  of  which  are  somewhat  obscure 
on  account  of  exfoliated  condition  of  fossils,  which  are  mostly  in- 
ternal casts.  It  appears  to  have  some  resemblance  to  Lingula  pali- 
formis  of  the  Hamilton  group,  but  differs  from  it  by  its  shape  and 
surface  markings." 

I  have  not  seen  this  fossil. 

Formation  and  locality, 

Sellersburg  beds;  Falls  of  the  Ohio,  Ky. 

Oydorhina  nobilis  Hall. 

PI.  VII,  fig.  3. 

C.  nobilis  Hall  and  Clarke,  Pal.  ¥.  Y.,  VIII,  Pt.  II,  1893,  p.  207, 
PI.  61,  figs.  1-12. 

Shell  large,  subtriangular  biconvex;  the  dorsal  valve  being  the 
more  convex.  Beak  of  ventral  valve  large  and  obtuse.  Surface  cov- 
ered by  very  sharply  angular  plications  of  whieh  there  are  from  26 
to  33  on  each  valve.    Plications  crossed  by  fine  sharp  striae  which 
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crenulate  the  tops  of  the  plications.  These  striae  are  seldom  pre- 
served, only  two  of  the  fourteen  specimens  at  hand  showing  them. 
Fold  and  sinus  well  developed,  moderately  broad  with  from  six  to 
eleven  plications  on  each. 

The  large  obtuse  beak  of  the  ventral  valve  serves  to  distinguish 
this  species  from  some  of  the  Camarotoechias  which  it  somewhat  re- 
sembles as  ordinarily  preserved. 

Formation  and  locdliiy, 

Jeffersonvillc  limestone;  Charlestown,  Falls  of  the  Ohio,  Bunker 
Hill,  Pipe  Oreek  Falls  and  Little  Rock  Creek,  Cass  County. 

CAMAROTOECHIA. 

A.     Shell  gibbous  or  subglobose. 

b.    Gibbous  and  transversely  sabelliptical.     Plications  grooved  toward 
the  front  in  old  shells.  C.  9appho, 

bb.     Rotund  or  subglobose  in  outline.     Plications  not  grooved,  but  dis- 
tinctly rounded.  O.  congregaUi* 
A  A.     Shell  not  gibbous  or  subglobose. 

c.     Plications  angular,  fold  well  developed.  C  n'Uida, 

Camarotoechia  sappho  Hall. 

Pl.VII,flg.4. 

Rhynchonella  (Stenoeisma)  sappho  Hall,  Pal.  N.  Y.,  1807,  p.  340, 
PL  54,  figs.  33-43;  Var.  PL  55,  figs.  4r-52. 

Shell  gib])Ous  and  transversely  subelliptieal  in  mature  specimens 
to  broadly  subtrigonal  in  young  shells.  I)eak  of  ventral  valve  acute 
and  moderately  incurved;  cardinal  slopes  concave.  Surface  covered 
with  rounded  to  subangular  plications  which  in  old  shells  arc  marked 
in  the  center  with  a  fine  thrcnd-like  line  toward  ihe  front  of  the  shell. 

Fine,  closely  arranged  concentric  striae  cross  the  plications  in  well 
preserved  specimens.  The  ]>lications  vary  in  number  from  15  to  18 
in  young  shells  and  from  20  to  2S  in  matur<^  sj)ecimens;  from  i\\e  to 
eight  of  these  occupy  the  fold  and  sinus.  Those  on  the  sides  of  the 
dorsal  valve  curve  abruptly  io  ihe  margin  of  the  shell.  Tbe-  sinus 
begins  about  the  middle  of  the  ventral  valve;  the  fold  becomes  con- 
spicuous only  toward  the  front  of  the  shell.  Tbe  specimen  figured  is 
the  largest  in  tbe  collection. 

Form  alien  and  locality. 

Jeffersonvillc  limestone  and  Sellersburg  beds;  Charlestown  and 
Pipe  Creek  Falls. 
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Camarotoediia  Carolina  Hall. 

Kliyiichoiiella  (Stenocisma)  Carolina  Hall,  Pal.  N.  Y.,  iV,  1867, 
p.  337,  PI.  54,  figs.  14-19. 

HalVs  description. — "Shell  ovate,  moderately  gibbous,  a  little  pro- 
duced iu  front  and  broadly  sinuate;  length  and  breadth  about  equal. 

"Ventral  valve  convex  on  the  upper  part,  curving  gently  to  the 
margins  and  a  little  convex  along  the  cardinal  slope,  sometimes 
nearly  flat  below;  beak  a  little  incurved  or  nearly  straight;  sinus  be- 
ginning at  alwut  one-third  the  length  of  the  shell  from  the  apex, 
very  gradually  depressed  and  not  abruptly  incurved  in  front,  making 
a  broad  shallow  sinus  with  curving  sides,  the  limits  of  which  are 
strongly  defined.  Dorsal  valve  moderately  gibbous  and  regularly 
arcuate  from  summit  to  base,  the  sides  more  abruptly  curved;  mesial 
fold  becoming  defined  below  the  middle  of  the  shell,  its  summit 
convex  and  the  sides  not  abruptly  limited. 

"SurfacK^  marked  by  about  20  to  25  obtusely  angidar  plications; 
those  of  the  margins  becoming  obsolete  and  about  four  or  five  de- 
pressed in  the  sinus,  with  a  corresponding  number  on  the  dorsal 
fold,  which  are  stronger  than  the  rest;  a  single  one  on.  each  side  of 
the  sinus  and  fold,  partially  depressed  or  elevated  and  smaller  than 
ihe  others,  "llie  shell  has  been  marked  by  elevated  thread-like 
striae.^' 

This  species  has  been  figured  by  Nettleroth  (Ky.  Foss.  Shells,  PI. 
13,  figs.  1-3,  34,  35).  Three  of  his  figures,  however,  1-3,  appear  to 
belong  to  (\i/ch]orlii?ia  twhiJis  instead  of  C.  Carolina, 

Formal  ion  and  locality. 

'H'orniferous"  (JeiTersonville  limestone);  Falls  of  the  Ohio  (Nett.). 

Camarotoechia  congregata  (Conrad). 

Hhyndionella  contracta  Hall,  Pal.  X.  Y.,  IV,  1867,  p.  351,  PI.  55, 
figs.  2()-39. 

Slu'll  subglobose,  length  and  width  nearly  equal,  thickness  to 
length  as  fixo.  to  six.  Dorsal  and  ventral  valves  slightly  convex  or 
nearly  flat  toward  the  beaks.  Sides  and  front  of  shell  curving 
abruptly  to  margin  of  valves.  Surface  marked  by  from  14  to  17 
strong  rounded  plications  of  which  from  five  to  six  in  each  valve 
occupy  the  sinus  and  fold.  Mature  specimens,  according  to  Hall, 
have  from  18  to  22  plications  on  each  valve.  I  am  able  to  refer 
but  three  rntlier  small  specimens  in  my  collection  to  this  species. 

Formation  and  Locality. 
JeiTersonville  limestone;  Pipe  Creek  Falls. 
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Camarotoechia  niiida  n.  tp. 

PL  VII,  figs.  8,8a. 

Shell  small,  subtrigonal,  length  and  breadth  nearly  equal,  thick- 
ness equal  to  two-thirds  of  the  width;  front  straight,  cardinal  area 
slightly  concave.  Dorsal  valve  flat;  mesial  fold  perceptible  only  at 
the  front  of  the  shell.  Ventral  valve  slightly  convex  toward  the  beaJc; 
the  sinms  is  wide  and  shallow,  beginning  between  the  middle  and  front 
of  the  shell. 

Surface  covered  by  from  15  to  17  rounded  to  subangular  plications, 
of  which  there  are  from  six  to  seven  on  the  dorsal  fold  and  from  five 
to  six  in  the  sinus.  The  plications  curve  abruptly  at  the  front  and 
sides  to  the  margins  of  the  valves. 

Formation  and  locality. 

Jeffersonville  limestone;  Pipe  Creek  Falls. 

Camarotoechia  tetkys  (Billings). 

Rhynchonella  (Stenocisma)  tethys  -Hall,  Pal.  N.  Y.,  IV,  1867,  PI. 
64,  figs.  1-8. 

Shell  subtrigonal,  usually  wider  than  long,  but  length  and  breadth 
sometimes  equal.  Dorsal  valve  depressed  convex  in  young  and  me- 
dium sized  shells,  more  gibbous  in  larger  individuals.  Ventral  valve 
Flightly  convex  toward  the  beak.  The  fold  and  sinus  arc  well  devel- 
oped and  originate  about  two-thircls  of  the  distance  from  the  front 
to  the  beak.  Surface  covered  by  from  14  to  18  angular  plications, 
of  which  from  four  to  six  occupy  the  fold  and  sinus.  Fine  striae 
which  are  seldom  preserved  cross  the  plications. 

Some  specimens  show  one  or  more  strong  lines  of  growth.  A  speci- 
men in  Greenes  collection  which  appears  to  be  a  variety  of  this  species 
has  29  plications  on  each  valve,  five  of  which  occupy  thQ  sinus  and 
six  the  fold. 

Formation  and  locality. 

Sellersburg  beds  and  JefPersonville  limestone;  Charlestown,  Bunker 
Hill  and  Pipe  Creek  Falls.  -^-^ 

RHYNCHONELLA. 

A.     Plications  few,  developed  only  near  the  front  and  sides. 

b.     Fold  and  sinus  prominent  and  well  developed.  R.  gaineti 

bb.     Fold  and  sinus  not  well  deteloped.  /^  gainesi  var.  ea^nensis, 

i 
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AA.    Plications  Diimerons  and  well  developed. 

c.    Shell  much  flattened;  fold  and  sin  as  obseare  or  wanting. 

R.  deprefsa, 

cc.     Skell  moderately  convex,  fold  and  muus  prominent  toward 

the  front. 

d.     Qreatest  width  at  the  middle  of  shell,  sinus  produced 

at  the  front.  JR.  louiwiilenns, 

dd.    Qreatest  width  near  the  front,  sinus  not  produced. 

JR.  tenwMriata, 

BhynchoneUa  tl[mi»viUerm8  Nettleroth. 
PI.  VII,  fi».  6. 

R.  louisvillensis  Nett.,  Ky.  Foss.  Shells,  1889,  p.  77,  PI.  31,  figs.  1-4. 

Nettleroth's  original  description. — "Shell  of  less  than  medium  size 
among  the  Hhynchonellidae;  longitudinally  suboval  or  subtrigonal; 
length  and  width  about  equal,  the  latter  rarely  exceeding  the  former 
slightly;  both  valves  about  equally  convex.  Ventral  valve  moderately 
convex;  mesial  sinus  beginnlhg  in  front  of  the  umbo,  is  broad  and 
flat,  deepens  at  the  base  and  has  a  considerable  quadrilateral  exten- 
sion fitting  a  corresponding  indentation  of  the  other  valve;  it  con- 
tains five  plications;  beak  small  and  pointed  and  only  slightly  arched. 
Dorsal  valve  somewhat  more  convex  than  the  other;  mesial  fold  start- 
ing below  the  umbo,  becomes  prominent  at  the  front,  and  contains, 
like  the  sinus,  five  plications;  beak  small,  narrow  and  incurving  into 
the  other  valve  beneath  the  ventral  beak. 

"Surface  ornamented  by  four  or  ^\e  rounded  ribs  on  each  side  of 
the  mesial  depression  or  elevation;  those  on  the  lateral  slopes  of  the 
dorsal  valve  are  abruptly  curving  outwards  and  downwards." 

Mr.  Green's  collection  contains  two  specimens  which  appear  to 
belong  to  this  species,  although  they  differ  somewhat  from  Nettle- 
roth's description.  They  have  two  and  three  plications  respectively 
in  the  sinus,  four  on  the  sinus  and  thr«e  or  four  on  each  side  of  the 
fold  and  sinus.  All  of  the  plications  become  obsolete  in  the  umbonal 
region. 

Nettleroth  reports  having  seen  but  three  specimens  of  this  shell. 

Formation  and  locality. 

Sellersburg  beds;  Charlestown  and  Falls  of  the  Ohio. 

RhynchoneUa  gairien  Nettleroth. 

Pl.VII.figi.9,  9a.  9b. 

E.  gainesi  Nett.,  Ky.  Foss.  Shells,  Mem.  Ky.  Qeol.  Surv.,  1889, 
p.  76,  PL  31,  figs.  6-9. 

Shell  small;  the  species  shows  great  variation  in  its  characters; 
subtrigonal  in  its  outline,  front  nearly  straight  to  broadly  rounded. 
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Dorsal  valve  moderately  convex  marked  by  a  variable  number  of 
rounded  indistinct  plications,  seldom  exceeding  eight,  which  are  usu- 
ally developed  only  near  the  margin  of  the  valves,  but  sometimes  ex- 
tending half  way  to  the  beaks.  The  fold  is  usually  well  marked, 
extending  about  half  way  to  the  beak  and  bearing  from  two  to  four 
plications.  Ventral  valve  convex  toward  the  beak  with  a  deep  flat 
sinus  toward  the  front;  the  surface  is  flat  or  slightly  concave  on 
either  side  of  the  sinus  toward  the  front;  sinus  with  from  one  to  three 
faint  plications  toward  the  front;  two' or  three  plicp,tions  are  usually 
developed  on  either  side  the  sinus  but  these  are  sometimes  wanting. 
The  beak  is  sharp  and  slightly  incurved.  Surface  marked  by  numer- 
ous fine  lines  of  growth. 

Formation  and  locality. 

Sellersburg  beds  and  Jeffersonville  limestone;  Charlestown,  Bunker 
Hill  and  Pipe  Creek  Falls.  This  shell  is  more  common  in  northern 
than  in  southern  Indiana. 

Bhynchonella  gainesi  var.  casseMtSy  nov.  var. 

PI.  VII,  fiRi.  10,10a. 

The  specimens  included  under  the  name  of  this  variety  differ  from 
typical  specimens  of  7^.  gainrsi  in  being  much  depressed  and  in  having 
a  poorly  developed  fold  and  shallow  sinus,  which  are  often  entirely 
free  from  plications.  Some  specimens,  however,  possess  from  three 
to  five  faintly  developed  plications  near  the  front  of  the  fold  and 
sinus,  and  are  intermediate  in  appearance  ])etweon  this  variety  and 
R.  gainesi. 

Formation  and  locality. 

Jeffersonville  limestone;  Bunker  Ilill. 

Rhynchonella  tenimtriata  Nettleroth. 

PI.  VII,  fiff.7. 

R.  tenuistriata  Xett.,  Ky.  Foss.  Shells,  1888,  p.  82,  V\.  IT,  figs. 
27-29. 

Neiilerotlis  original  desrriptinn. — ^'Shell  rather  small,  subtriangu- 
lar  or  subpentagonal;  cardinal  line  forms  a  right  angle  at  Umi  beak; 
its  two  sides,  which  are  soniewhai  concave  or  incurvo<l,  s1ojm»  down 
below  the  middle  of  the  shell;  liere  ihvy  meet  the  lateral  margins 
with  which  they  form  again  an  almost  right  angle;  lateral  margins 
short,  about  one-third  the  length  of  the  shell,  almost  straight  or 
ver}"  slightly  convex;  basal  margin  straight  with  a  slight  concavity. 
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Ventral  valve  loss  convex  than  the  dorsal,  with  its  greatest  convexity 
at  the  umbo,  from  which  it  slopes  in  almost  straight  lines  to  the 
lateral  margins;  the  cardinal  margins  deflect  abruptly  to  meet  the 
margin  of  the  dorsal  valve  in  one  and  the  same  plane;  below  the 
umbo  the  central  portion  becomes  depressed,  which  depression  in- 
creases in  depth  and  width  towards  the  front,  where  it  occupies  the 
valve  to  the  full  extent  of  the  basal  margin.  This  mesial  sinus  is 
rounded,  its  margins  are  not  well  defined,  and  its  depth  becomes  only 
somewhat  prominent  at  or  near  the  front;  the  umbo  is  small,  the 
beak  elevated  al»ove  that  of  the  other  valve,  and  very  little  arched. 
'^Hie  dorsal  valve  is  very  little  convex,  almost  flat  in  the  umbonal 
region  and  below  it  to  the  basal  margin,  where  a  part  of  the  front  is 
elevated  into  a  mesial  fold.  On  each  side  of  this  mesial  fold  the 
valve  slo})es  down  very  abruptly  to  the  baso-lateral  margins.  The 
mesial  fold  is  only  observable  at  or  near  the  front;  the  umbo  is 
inflated,  and  the  beak  small  and  incurved  into  the  opposite  valve. 
The  surface  of  both  valves  is  covered  by  slender,  subangular  or 
rounded  radii,  of  which  there  are  five  or  six  on  each  side  of  the 
mesial  fold  and  sinus;  the  fold  is  occupied  by  about  seven  while  the 
ninus  only  contains  about  six.  These  striae  increase  by  intercallation, 
but  not  by  bifurcation.  Other  markings  of  the  surface  are  not  ob- 
served." 

This  species  is  rare.  I  have  with  some  doubt  identified  one  speci- 
men in  Mr.  (Jreen's  collection  with  it,  which  is  here  figured.  This 
specimen  has  fewer  striae  than  those  described  by  Nettleroth,  there 
being  five  in  both  the  fold  and  sinus,  and  about  the  same  number 
on  each  side  of  fold  and  sinus. 

Form  at  ion  cud  locality, 

Sellersburg  l)eds  and  Jeffersonville  limestone;  Charlestown  and 
Falls  of  the  Ohio. 

RhynehoneUa  depressa  nov.  sp. 

PI.  VII,  figs.  5,5a,  6b. 

Shell  small,  flattened,  trigonoid-subovate  in  outline:  cardinal  lines 
forming  nearly  a  right  angle  at  the  ])eak,  the  front  uniformly 
rounded;  length  and  breadth  about  equal.  Ventral  valve  most  convex 
at  th(»  umbo  from  which  it  slopes  regularly  to  the  front  and  sides; 
sinus  wide  and  very  shallow  or  entirely  obsolete,  marked  by  i\\{)  or 
six  plications:  ])eak  acute  ext^»nded  and  slightly  incurved.  Dorsal 
valve  very  slightly  convex,  beak  incurved  beneath  the  umbo  of  the 
(){)posite  valve.     Mesial  fold  obsolete  or  represented  by  a  very  low 
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broad  elevation  near  the  front,  marked  by  five  or  six  plications. 
Surface  covered  by  from  16  to  25  plications  on  each  valve.  These  are 
crossed  by  numerous  fine  concentric  striae. 

This  species  is  rather  common  in  northern  Indiana. 

Formation  and  locality, 

Jeffersonville  limestone;  Pipe  Creek  Falls,  Bunker  Hill  iind 
Charlestown. 

Pholidoiftrophia  imvaensis  (Owen). 

PI.  Vr.figfl.  7.8. 

Stropheodonta  (Pholidostrophia)  nacrea  H.  &  C,  Pal.  N.  Y.,  VIII, 
Pt  I,  1892,  p.  287,  PI.  15,  figs.  20-24. 

Shell  small,  semielliptical  or  subquadrate,  broader  than  long;  ven- 
tral valve  moderately  convex,  the  convexity  approaching  rather 
closely  the  inner  contour  of  the  dorsal  valve;  dorsal  valve  concave, 
sometimes  curving  abruptly  toward  the  ventral  valve  near  the  front. 
Interior  of  dorsal  valve  marked  by  large  flabelliform  muscular  im- 
pressions; outside  the  muscular  impressions  the  interior  of  the  valves 
is  strongly  papillose;  hinge  line  crenulated.  Surface  smooth  except 
for  occasional  lines  of  growth.  The  radiating  lines  and  nacreous 
lustre  mentioned  by  Hall  have  not  been  noticed  on  the  specimens  at 
hand. 

Formation  and  locality. 

Sellersburg  ])ccl8  and  Jeffersonville  limestone;  Tiittle  Rook  Oreek, 
(^ass  County,  Cliarlestown  and  Falls  of  the  Ohio. 

Airiboc^dia  umbonata  (Conrad). 
PI.  X,  figs.  7, 7a. 

A.  umbonata  Hall,  Pal.  N.  Y.,  IV,  1867,  p.  259,  PI.  44,  figs.  7-18. 

Shell  small,  plano-convex,  scmiorbicular  in  outline;  width  of  shell 
slightly  greater  than  length  of  dorsal  valve;  hinge  line  equal  to  or  a 
litlle  less  than  tho  greatest  width  of  shell;  cardinal  extremities 
rounded,  subangular.  Ventral  valve  gibbous  with  the  umbo  ex- 
tremely elevated  and  a  large  incurved  beak;  mesial  sinus  with  a  shal- 
low hut  distinct  linear  depression,  extending  from  the  beak  to  the 
front  of  the  shell.  Area  large,  arched,  having  about  one- third  the 
height  of  the  ventral  valve  and  extending  to  the  cardinal  extremities. 
Dorsal  valve  slightly  convex  in  the  u])per  central  portion,  flat  or 
convex  near  the  sides  and  front.  Apex  inconspicuous,  barely  elevated 
above  the  hinge  line;  area  equaling  the  thickness  of  the  shell. 
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The  radiating  and  concentric  striae  occurring  in  the  New  York 
specimens  of  this  species  are  not  noticeable  on  the  Indiana  shells. 
Average  specimens  of  the  Indiana  shells  measure  about  one-fourth 
of  an  inch  in  width.    This  is  a  rare  shell  in  Indiana. 

Formation  and  locality. 

Sellersburg  beds  and  Jeffersonville  .limestone;  Bunker  Hill, 
(.^harlestown  and  Louisville. 

CYRTINA. 

A.     Plications  coarse,  about  four  on  each  side  of  the  fold  and  sinus.      C  crassa, 
A  A.     Plications  fine,  six  or  eight  each  side  of  the  fold  and  sinus. 

b.     Beak. more  or  less  curved  or  twisted,  plications  rounded. 

(7.  hamilUmensui, 
bb.     Beak  straight,  plications  angular.  C  hamillovenstt  var.  recla, 

Cyrtina  crassa  Hall. 

C.  crassa  Hall,  Pal.  N.  Y.,  IV,  1867,  PI.  27,  figs.  11,  12. 

IlaWs  origin-al  description. — "Shell  depressed,  pyramidal  (semiellip- 
tical  in  a  dorsal  view);  length  and  breadth  about  at  three  to  four; 
hinge  line  equal  to  the  greatest  width  of  the  shell,  with  the  extremi- 
ties slightly  rounded. 

"Ventral  valve  depressed,  semi-somipyramidal,  convex,  regularly 
arching  from  the  beak  and  cardinal  area  to  the  front;  sinuij  broad 
and  rounded  in  the  bottom;  beak  extended  and  slightly  incurved  over 
tlie  area  which  has  a  height  equal  to  half  the  length  of  the  valve. 

"J)orsal  valve  moderately  convex,  a  little  inflected  or  concave 
toward  the  extremities;  mesial  fold  broad,  moderately  elevated, 
rounded  above  and  i^trongly  defined;  area  linear.  Surface  marked  on 
each  side  the  mesial  fold  and  sinus  by  about  four  strong,  low  rounded 
plications,  which  are  crossed  by  fine  thread-like  concentric  striae  and 
a  few  imbricating  folds.    Shell  structure  punctate." 

This  species  has  not  been  seen  by  the  writer.  Nettleroth  reports 
liaving  seen  but  three  specimens.  Hall  figures  a  specimen  from  the 
Falls  of  the  Ohio. 

Form  at  ion  and  locality. 

"Corniferous  limestone"  (JefTersonville  limestone);  Falls  of  the 
Ohio  and  Utica. 

Oyrtina  hamiUonensis  Hall. 

C.  hamiltonensis  Hall,  Pal.  N.  Y.,  IV,  p.  268,  PI.  27,  figs.  1-4:  PL 
44,  figs.  26-33,  38-52. 

HalVs  description. — "Shell  more  or  less  triangular-subpyramidal; 
hinge  line  equal  to  the  greatest  width  of  the  shell;  proportions  of 
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length,  breadth  and  height  variable,  but  frequently  the  width  is 
equal  to  the  length  of  the  ventral  valve,  and  the  height  of  area  is 
equal  to  the  length  of  the  dorsal  valve.  Surface  plicate.  Ventral 
valve  quadrilateral  in  outline,  obliquely  subpyramidal,  most  promi- 
nent at  the  beak,  which  is  very  variable  in  elevation  and  straight  or 
a  little  arched  over  the  area,  and  not  unfrcquently  attenuate  and  dis- 
torted or  turned  to  one  side;  mesial  sinus  wide  and  strongly  defined, 
rounded  or  subangular  in  the  bottom;  area  variable,  large  and  ele- 
vated, plane  or  an'uate  in  different  degrees  with  the  lateral  margins 
angular,  distinctly  striate  in  both  directions;  fissure  narrow,  closed 
by  a  convex  pseudo-deltidium,  which  is  perforated  above  by  an  oval 
or  narrowly  ovate  foramen.  Dorsal  valve  depressed-convex,  with  a 
broad,  more  or  less  prominent  mesial  fold,  which  is  bounded  by 
broader  furrows  than  those  between  the  plications,  and  is  sometimes 
extremely  elevated  in  front;  beak  scarcely  rising  above  the  hinge 
line;  area  narrow  linear,  but  quite  distinct.  Surface  marked  by  about 
six  to  eight  (rarely  one  or  two  more)  simple  rounded  plications  on 
either  side  of  the  mesial  fold  and  sinus,  and  these  are  crossed  by  very 
fine  concentric  lines  of  growth,  which  at  intervals  Ixjcomc  crowded 
and  subimbricate,  especially  toward  the  margins  of  older  shells.  The 
finer  surface  marking  is  minutely  granulose  or  papillose  and  the 
shell  structure  distinctly  punctate.  In  some  of  the  larger  individuals 
there  is  an  obscure  elevation  on  each  slope  of  the  sinus  resembling 
an  obsolete  ])lication.  The  longitudinal  Jiiedian  septum  extends  for 
more  than  half  the  length  of  the  ventral  valve,  and  is  continued  into 
the  cavity  beneath  the*  pseudo-deltidium.  These  features  are  shown 
in  the  casts  and  in  transverse  sections  of  the  valve.  The  dorsal  valve 
shows  a  double  or  bilobed  cardinal  process  with  the  strong  crural 
ba.^es  su])porting  spiral  arms  which  are  directed  into  the  two  com- 
partments of  the  ventral  valve,  and,  making  numerous  turns,  termi- 
nate in  the  rostral  part  of  the  shell.'' 

This  species  is  not  abundant  but  occurs  at  many  loculities  in  both 
the  northern  and  southern  Indiana  Devonian. 

Fnnnaiion  and  locality. 

Sellersburg  beds  and  Jetrersonville  limestone;  Little  Ko<'k  Creek, 
(^ass  County;  Pipe  Creek  Falls,  Newbern,  ( ■harlestown,  Scipio,  Paris 
Crossing,  Kent,  Clark  County,  and  Falls  of  the  Ohio. 

Oyrtina  hamiltonensis  var.  recta  Hall. 

Cyrtina  hamiltonensis  var.  recta  Hall,  Pal.  N.  Y.,  Vol.  IV,  p.  270, 
PI.  44,  figs.  34-37. 

The  only  specimen  in  the  collection  has  a  very  high  perfectly  flat 
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area,  dorsal  valve  short  and  rather  narrow;  ventral  valve  very  steeply 
pyraniidal,  and  subangular  plications. 

Fomiaiion  and  locality. 

Sellersburg  beds  and  Jei!ersonville  limestone;  Little  Roek  Creek, 
Cass  ('ounty  and  Falls  of  the  Ohio. 

Leptaena  rhomboidalis  (Wilckens). 
PI.  IV.  fig.  5. 

Strophoinena  rhomboidalis  JIall,  Pal.  N.  Y.,  Vol.  J  V,  p.  7(1,  VI  12, 
figs.  1(>-18. 

IfalVs  (Uscripiion. — **The  shell  is  more  or  less  semielliptieal  or 
subquadrate,  varying  greatly  in  it,s  proportions  of  length  and  breadth; 
hinge  line  straight;  cardinal  extremities  sometimes  roumled,  some- 
times acute  and  slightly  produced.  The  valves  are  geniculated  and 
the  ])roj)ortions  of  the  flattened  part  or  disc  and  the  recurved  part 
of  the  shell  are  very  variable,  insomuch  that  the  geniculation  is  some- 
times little  more  than  one  of  the  stnmg  concentric  wrinkles.  The 
surface  of  the  flattpned  portion  is  marked  by  concentric  (and  some- 
times interrupted)  wrinkles,  which,  following  the  curve  of  the  outline, 
are  bent  outwards,  and  often  become  obsolete  on  the  cardinal  an^es. 
These  concentric  wrinkles  are  very  variable  in  number,  being  from 
six  to  15  or  H)  upon  the  specimens  from  the  same  rock.  The  entire 
surface  is  covered  by  radiating,  thread-like  striae.  In  young  speci- 
mens there  is  usually  a  round  foramen  in  the  apex  of  the  dorsal  valve, 
which  l)econu\<  closed  at  a  later  j)eriod.  The  triangular  foramen  of 
the  ventral  area  is  partially  closed  by  a  deltidium  and  the  apex  of  the 
ventral  valve.'' 

This  specimen  is  abundant  in  some  localities. 

Forntalion  and  lovaUiy. 

Sellersburg  beds  and  JefTersonvilh*  limestoiu*;  Deputy,  Sellersburg 
and  Chariest  own. 

OrUioUietes  chemungensii*  arctidriatus  Hall. 

PI.VI,  fiK.3. 

Streptorhynchus  chenmngensis  var.  arctostriata  Hall,  J'al.  N.  Y., 
Vol.  IV,  18()'7,  p.  71,  PI.  9,  figs.  1-12. 

Hairs  dpscripiion. — **Shell  semicircular  or  semielliptieal,  fre- 
quently unsym metrical,  the  ]>roportions  of  length  and  breadth  vary- 
ing in  different  individuals;  hinge  line  straight,  nearly  or  quite  equal 
to  or  greater  than  the  greatx^st  width  of  the  shell;  sides  nearly  rectan- 

38-Geol. 
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gular  to  the  hinge  line  or  curving  inwards.  Ventral  valve  more  or 
less  convex  toward  the  umbo  and  sometimes  in  the  middle,  curving 
downwards  or  flattened  toward  the  front  and  sides  of  the  shell;  beak 
often  distorted;  area  vertical  or  inclined  forwards  or  backwards,  usu- 
ally unequal  on  the  two  sides  of  the  foramen,  which  is  closed  by  a 
strong  convex  deltidial  plate.  Dorsal  valve  depressed  convex,  some- 
times nearly  flat  and  sometimes  very  convex,  with  a  narrow  linear 
area;  socket  plates  strong  and  supporting  the  cardinal  process,  which 
is  double  and  has  sometimes  a  faint  ridge  between  the  two  divisions, 
which  are  themselves  very  short.  Surface  marked  by  sharp  close 
radiating  crenulated  striae,  which  increase  mainly  by  interstitial 
additions.^' 

This  extremely  variable  species  is  rather  rare.  In  the  specimens 
studied  the  radiating  striae  increase  by  bifurcation  instead  of  by 
interstitial  addition  as  described  by  Hall. 

Formation  and  locality. 

Jeffersonville  limestone;  Falls  of  the  Ohio,  Lancaster,  Scipio,  Kent 
and  Newbem. 

Parazyga  hirsiUa  Hall. 

Pl.XI,figi.4,4a. 

Trematospira  hirsuta  Hall,  Pal.  N.  Y.,  Vol.  IV,  1867,  p.  274,  PI.  45, 
figs.  16-32. 

UalVs  description. — "Shell  depressed  orbicular  in  the  young  state; 
becoming  subtrilobate  by  the  gradual  development  of  tlie  mesial  fold 
and  sinus  and  often  gibbous  in  the  older  specimens;  valves  subcqually 
convex;  hinge  line  extending  about  two-thirds  the  widtli  of  the  snell. 
Ventral  valve  usually  a  little  more  gibbous  than  the  opposite;  greatest 
convexity  above  the  middle  of  the  shell,  whence  it  curves  regularly  to 
the  apex  which  is  terminated  by  a  circular  foramen  or  more  often 
truncated  below  by  the  summit  of  the  opposite  valve;  contour  regu- 
larly curving  to  the  cardinal  and  lateral  margins.  The  mesial  sinus 
becomes  gradually  developed  above  the  middle  in  full  grown  shells, 
and  is  very  conspicuous  toward  the  front,  having  the  sides  curving 
and  rarely  strongly  defined.  The  false  area  is  not  visible  beneath  the 
beak.  Dorsal  valve  regularly  convex  in  young  shells;  becoming  ele- 
vated in  the  center,  and  a  mesial  fold  gradually  developing  itself,  till 
in  older  shells  it  becomes  very  conspicuous  toward  the  front,  having 
the  sides  curving  and  rarely  strongly  defined.  The  false  area  is  not 
visible  beneath  the  beak.  Dorsal  valve  regularly  convex  in  young 
shells;  becoming  elevated  in  the  center  and  a  mesial  fold  gradually 
developing  itself,  till  in  old  shells  it  becomes  very  conspicuous  towards 
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the  front.  The  sides  ar^  pretty  regularly  convex,  and  curving  towards 
the  margins.  Surface  marked  by  from  30  to  40  low  rounded  striae 
which  are  obscure  toward  the  beaks,  but  become  larger  and  more 
conspicuous  towards  the  margin;  these  are  crossed  by  fine  close  con- 
centric lines  of  growth,  and  more  distant  imbricating  lamellae.  The 
surface  ordinarily  preserved  is  granulose,  but  when  perfect  it  is  cov- 
ered by  minute  seta  or  spinules,  the  bases  of  which  remaining  give 
the  papiUose  character.  Entire  shell  structure  punctate.  The  in- 
terior of  the  ventral  valve  shows  two  strong  teeth,  which  are  ex- 
tended in  low  plates  along  the  sides  of  the  rostral  cavity  to  the 
margins  of  the  muscular  area,  which  is  broad,  flabelliform,  and 
scarcely  defined  on  the  front  and  lower  lateral  margins.  The  interior 
of  the  dorsal  valve  shows  a  strong  deeply  bilobed  cardinal  process, 
with  the  bases  of  slender  crura;  the  teeth  sockets  are  large  and  deep; 
there  is  a  low  median  crest  or  septum,  which  is  somewhat  strong 
above,  but  dies  out  towards  the  middle  of  the  shell.  In  specimens 
which  have  been  cut  to  show  the  spires,  these  appendages  are  slender 
with  about  10  or  11  turns  on  each  side.  The  proportions  of  length 
and  breadth  are  about  as  three  to  four.  The  largest  specimen  ob- 
served is  a  little  more  than  three-fourths  of  an  inch  in  length,  by 
an  inch  and  one-sixteenth  in  width;  while  many  of  the  specimens 
are  less  than  half  these  dimensions.  A  well  formed  specimen  of  about 
three-fourths  of  an  inch  in  length  by  one  inch,  has  a  depth  of  nine- 
sixteenths  of  an  inch.  A  very  gibbous  specimen  measures  three- 
eighths  of  an  inch  in  length,  nine-sixteenths  in  width  and  half  an 
inch  in  depth." 

A  specimen  from  Charlestown  slightly  above  the  average  size 
measures  five-eighths  of  an  inch  in  length,  nine-sixteenths  of  an  inch 
in  width  and  three-eighths  in  thickness.  The  Indiana  specimens  do 
not  preserve  the  fine  concentric  lines  and  minute  striae  described  on 
the  New  York  specimens.    This  is  a  rather  rare  fossil. 

Formation  and  locality. 

Sellorsburg  beds  and  Jefferson ville  limestone;  Charlestown,  Falls 
of  the  Ohio  and  Bunker  Hill. 

Tropidoleptus  earinatus  (Conra<l). 

PI.  VI,fig8.  4. 8. 

T.  earinatus  Hall,  Pal.  N.  Y.,  Vol.  IV,  1867,  p.  407,  PI.  62,  figs. 
2,  3. 

II  air  s  description. — "Shell  concavo-convex,  semielliptical,  the 
length  sometimes  equaling  the  width;  hinge  line  equaling,  greater  or 
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h'HH  Hum  Ww!  width  of  the  nhell,  and  the  cardinal  extremities  some- 
limcH  nnuuh'd  ho  aH  to -j^ive  the  shell  a  broadly  oval  form;,  the  sides 
an<  HomctinicH  nearly  straight  and  the  front  broadly  rounded.  Ven- 
tral valve  convex,  broadly  sulK*arinate  tilong  the  middle,  and  sloping 
in  a  flattened  curve  to  the  lateral  margins  and  front,  which  is  some- 
liincH  nli^htly  truncate  or  cnnarginate;  cardinal  extremities  deflected, 
aiirnplly  incurvt^d  at  tin*  umbo,  and  the  apex  often  imperfect  from 
|Ih»  encroachment  (»f  the  foramen.  Area  about  half  a  line  to  about 
one  lint*  in  width;  its  nuirgins  ])arallel  to  near  the  extremities,  where 
it  slopes  suddenly  down  from  the  outer  margin.  The  area  is  longi- 
ludinallv  striate,  nnd  imU'nted  by  a  very  wide  foramen.  Dorsal  valve 
nnxleratelv  concave,  sometimes  nearly  thit,  often  with  a  median  de- 

%  •  • 

pression  nr  sinus  which  luH-cunes  cons])icuous  below  the  middle  of  the 
valve:  a|)ex  snuilb  ])rojecting  a  little  beyond  the  hinge  line.  'Hiere 
is  a  narrow  area  interru])ted  in  the  middle  by  a  wide  pseudo-deltidium 
which  (Muers  the  extremity  of  the  cardinal  ])rocess.  Surface  marked 
by  abimt  IS  to  VM)  broail  sim]>le  rounded  plicaticms  which  are  wider 
than  the  spaces  between  them;  the  central  one  on  the  ventral  valve 
is  broader  i\\u\  more  elevated  than  the  others,  while  there  is  a  cor- 
responding wider  ami  tlee|>er  tiepression  in  the  middle  of  the  dorsal 
Naive,  in  rare  instances  the  plicatiims  are  bifurcated.  Fine  undulat- 
ing eonct^ntric  striae  ro\er  the  surface  and  live  stronger  imbricating 
lamellae  mark  \\u^  forn»  of  the  shell  in  its  stages  of  growth." 

'Phis  is  a  tounuon  I'ossil  in  the  Ipoer  l>e\onian  c»f  northern  and 
M»ull»ern  Indiana. 

Sellev^burii  i»ed>:  Norwav,  S»,Mt  (  ouniy,  Nt^nh  Vt-rnou,  IVputv. 
I  h.ulcvtowM  and  l.t'\ini:ton. 

ArHVRI<.* 

V.     She'll  \:su:*ri\  n;»^r\*  iV.Ati  .-in  ii  oh  in  wiiUh.  .4.  #prVi';VroufeiL 

V  V.     St\cll  '.i-^u.t.lv  U^ss  il';ir.  ore  iroh  in  width.  A.  fmftemi 


A'\  tI<  .*:iV|>Vr\it',iV,'«    Eaton  \ 
r*  \'  **•  * 

V  ^  •    •    ^  !•;.  ■.  r..    N.  Y  .  V  :.  IV.  •- :.  .  •>-.  r:.  4«i. 

. .  .       ,            ~  «i«  l.*^ 
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elevation  on  the  dorsal  side;  hinge  line  short,  the  cardinal  extremities 
rounded.  Ventral  valve  moderately  gibbous,  often  regularly  convex 
above  tlie  middle,  and  becoming  deeply  sinuate  toward  the  front, 
which  is  frequently  abruptly  elevated,  flattened  or  a  little  concave 
toward  the  cardinal  extremities  in  the  wider  specimens;  umbo  gib- 
bous, the  beak  incurved,  and  often  directed  in  a  line  nearly  rectangu- 
lar to  the  plane  of  the  longitudinal  axis  and  covering  the  umbo  of 
the  opposite  valve;  apex  ])erforate.  Dorsal  valve  gibbous,  much  mon* 
convex  than  the  opposite  valve;  um])o  prominent,  outline  regularly 
convex  above  the  middle  and  curving  abruptly  to  the  sides;  the  usu-r 
allv  defined  mesial  fold  becomes  visible  below  the  middle  of  the  valve 
and  usually  very  conspicuous  toward  the  front,  which  is  abruptly  ele- 
vated. SurfiU'c  marked  by  conc(»ntric  lines  of  growth,  and  the  lamel- 
lae often  extended  and  closely  imbricated;  fine  interrupted  and 
scarcely  distinct  radiating  striae,  which  appear  like  ducts  within  the 
sul)stnnce  of  the  shell,  marking  the  surface  in  many  s])ecimens.  Tlie 
upper  part  of  the  shell  is  sometimes  nearly  free  from  imbricating  la- 
mellae, but  thev  become  crowded  toward  the  front." 

Afhyris  spiriferoides  is  much  rarer  tiian  .1.  fuUonfnsl.s,  which  difTcrs 
from  it  externally  only  in  its  smaller  and  more  gibbous  form. 

Formation  and  locality, 

Sellcrsburg  b(»ds;  Charlestown. 

Aihyris  fultonensis  (Swallow). 

A.  vitata  Hall,  Pal.  N.  Y.,  Vol.  IV,  18()7,  p.  28J),  PI.  4(5,  figs.  1-4. 

Hairs  description, — *%Shell  ovate,  su])quadrate,  gibbous  with  the 
mesial  fold  and  sinus  distinct;  front  conspicuously  sinuate;  hinge  line 
short;  cardinal  extremities  rounded.  Ventral  valve  gibbous  above, 
more. convex  than  the  dorsal;  umbo  prominent;  the  beak  incurved  and 
truncated  in  the  plane  of  the  longitudinal  axis  by  a  rounded  foramen, 
curving  very  abruptly  to  the  cardinal  and  cardino-lateral  margins; 
the  center  marked  by  a  well  defined  mesial  sinus,  which  is  continued 
nearly  or  quite  to  the  beak  and  becoming  nuurh  d(?eper  and  subangu- 
larly  margined  towards  the  front.  Dorsal  valve  a  little  less  gibbous 
than  the  ventral,  sides  regularly  curving;  the  middle  of  the  upper  part 
distinctly  prominent,  and  developed  below  in  a  strong  mesial  fold 
which  is  abru[)tly  elevated  in  front.  Surface  nuirked  by  rc»gularly 
imbricating  lamcllose  lines  of  growth,  which,  on  the  better  preserved 
surfaces  are  finely  crenulated  cm  their  edges  and  the  intermediate 
spaces  striate,  interiorly  the  s])ires  of  this  form,  in  their  first  volu- 
tion and  in  the  accessory  lamellae  are  quite  distinct  from  thos(»  of 
A .  spiriferoides.'' 

This  species  is  abundant  at  many  localities. 
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Formation  and  hcality. 

Sellersburg  beds  and  Jeffersonville  limestone;  Little  Rock  Creek, 
Cass  County,  Bunker  Hill,  Falls  of  the  Ohio,  Charlestown,  Watson, 
Kent,  Sellersburg  and  Lexington. 

ATBTPA. 

A.     Plications  very  coarsei  about  seven  or  eight  in  a  half  inch,  cancellated  bj 
strong  concentric  lamellae.  A.  spinosa. 

AA.     Plications  not  very  coarse,  about  12  or  16  in  a  half  inch,  usually  without 
concentric  lamellae, 
b.     Shell  longitudinally  subeliiptical  in  outline. 

A.  reticularU  var.  elltpsoida, 
bb.     Shell  not  longitudinally  subeliiptical  in  outline.  A,  retieularis. 

Atrypa  reticularis  (Linnaeus). 

PI.  VI,  fig.  10. 

A.  reticularis  Hall,  Pal.  Iowa,  Vol.  I,  Pt.  2,  1868,  p.  515,  PL  6, 
figs.  4,  5. 

Hairs  description. — "Shell  depressed,  suborbicular  in  its  young 
state,  becoming  gibbous  and  sinuate  in  its  mature  condition;  hinge 
line  often  nearly  straight  and  almost  equaling  the  width  of  the  shell; 
valves  nearly  equally  convex  in  the  young  state,  the  dorsal  valve 
becoming  more  gibbous  as  the  shell  advances  in  age,  and  sometimes 
acquiring  an  undefined  mesial  lobe  down  the  center.  The  ventral 
valve  in  the  young  state  has  the  beak  nearly  straight  and  perforate 
at  the  apex,  becoming  incurved  and  finally  closely  bent  over  the  beak 
of  the  opposite  valve;  a  narrow  false  area  is  sometimes  observable. 
Shell  broadly  and  deeply  sinuate  in  front." 

This  is  one  of  the  most  abundant  species  of  the  Devonian  lime- 
stones. It  is  subject  to  great  variation  in  shape,  size  and  surface 
markings.  The  specimens  found  in  the  arenaceous  "cement  rock" 
of  the  Sellersburg  beds  reach  a  considerably  larger  average  size  than 
those  in  the  more  pure  limestones. 

A  specimen  in  Mr.  G.  K.  Greenes  collection  is  almost  entirely  cov- 
ered by  a  series  of  closely  arranged  imbricating  lamellae  or  lines 
of  growth,  giving  the  shell  a  very  roughly  imbricated  surface. 

Formation  and  locality. 

Sellersburg  beds  and  Jeffersonville  limestone;  throughout  the  De- 
vonian. 
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Atrypa  spinoM  Hall. 

PI.  VI,  fig.  11. 

A.  spinosa;  vel  aspera  Hall,  Pal.  N.  Y.,  1867,  Vol.  IV,  p.  322, 
PL  53A,  figs.  1-14. 

HalVs  description, — "Shell  robust  suborbicular  or  ovoid;  width 
greater  or  less  than  the  length;  radiatingly  costate  and  concentrically 
lamellose  or  spinose;  hinge  line  often  nearly  straight,  a  little  less 
than  the  width  of  the  shell.  Ventral  valve  depressed  convex,  becom- 
ing more  convex  in  the  upper  part;  nearly  flat  and  often  a  little  con- 
cave toward  the  lateral  margins,  and  cardinal  extremities  depressed 
or  broadly  sinuate  in  part;  beak  abruptly  rounded;  apex  truncate  and 
perforate,  closely  apprcssed  and  overlapping  the  umbo  of  the  oppo- 
site valve.  Dorsal  valve  convex,  becoming  gibbous  in  old  shells,  flat- 
tened or  slightly  concave  toward  the  cardinal  angles,  regularly  curv- 
ing to  the  sides  and  baso-lateral  margins,  and  a  little  elevated  in 
front  but  without  any  distinct  mesial  fold.  Surface  marked  by  strong 
rounded  radiating  costae  bifurcating  at  unequal  intervals,  which  are 
much  stronger  in  the  middle  of  the  valve  and  become  obsolete  or 
appear  as  gentle  undulations  towards  the  cardinal  angles.  In  the 
middle  of  the  valves  there  are  about  seven  or  eight  of  these  costae 
in  the  space  of  half  an  inch.  The  shell  is  also  majrked  by  strong 
concentric  lamellae  which  are  often  about  a  line  apart.  In  perfect 
shells  these  lamellae  at  the  crossings  of  the  costae  are  often  produced 
into  tubular  spines,  which,  when  worn  off,  leave  the  ordinar}'  lamel- 
lose surface.  The  spaces  between  these  projecting  lamellae  are 
marked  by  fine  thread-like  striae.  In  the  separated  valves  the  hinge 
line  is  often  nearly  straight,  the  muscular  area  of  the  ventral  valve 
is  short  and  broad,  the  length  from  the  apex  being  about  equal  to 
the  width.  There  is  a  slight  thickening  of  the  shell  at  the  base  of 
the  rostral  cavity.  The  surface  around  the  muscular  area  is  papillose, 
and  limited  by  a  thickened  border  except  in  part,  where  it  is  dis- 
continued. Fine  vascular  markings  are  sometimes  visible  near  the 
margin.  In  the  dorsal  valve  there  is  a  thickened  septum  in  the  upper 
part  of  the  muscular  area.  The  spires  of  full  grown  individuals 
have  about  fifteen  turns  in  each.*^ 

This  is  a  rare  species  as  compared  with  A,  reticularis. 

Formation  and  locality. 

Sellersburg  beds;  Falls  of  the  Ohio  and  Charlestown. 
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Atnfpa  reticularis  var.  eUipsoida  (Nettleroth). 

A.  dlipsoida  Nott.,  Ky.  Foss.  Shells,  1889,  p.  90. 

Nettleroth  says  of  tliis  shell  that  '*it  resenihles  in  every  feature 
exeept  the  foriir'  A  In/pa  rcficnlaris.  JUit  N(;ttleroih  eonsidered  the 
elliptical  form  a  specific  cliaracter  and  l)ascd  the  spe(*ies  A.  eUipsoidca 
upon  it. 

Specimens  of  Afri/pa  refirularis  wlii(*h  are  lon*ifer  than  wide  and 
approach  somewhat  tlie  elliptical  form,  aire  not  uncommon.  Tlie 
variation  in  shape  is  so  great  in  Alrtjpa  relicularU  that  it  seems 
])referal)le  to  regard  A.  ellipsoidea  as  a  variety  of  A,  rfiicularis. 

Formalion  arid  locality. 
Jeffersonville  limestone;  Kalis  of  the  Ohio  (Xettleroth). 

CHONKTES. 

A.     Cardinal  extremities  produced.  C.  aeiUiradiata. 

AA.     CardiDal  extremities  not  produced, 
b.     Shell  large. 

c.     Nine  to  fifteen  radiating  striae  in  the  space  of  two-tenths  of 
an  inch, 
d.     Ventral  valve  extremely  gibbous,  striae  rounded,  dorsal 
valve  profoundly  concave,  striae  rounded. 

C.  arcuatu*. 
dd.     Ventral  valve  usually  moderately  convex,  striae  slen- 
der and  rather  sharply  angular,  dorsal  valve  not 
profoundly  concave, 
e.     Five  to  seven  spines  on  each  side  the  beak  (fre- 
quently not  visible).  C.  roromi/tt.*. 
ee.     Two  spines  on  each  side  the  beak  ? 

*C.  suh<inadrata. 
cc.     Twenty  to  twenty-four  radiating  striae  in  the  space  of  two- 
tenths  of  an  inch.  *  C  manitobicnsis. 
f.     Radiating  striae  about  sixty. 

C.  yandeilamut. 
ff.     Radiating   striae   twenty-six    to   thirty- 
four.  C.  vicintm. 
Hi,     Radiating  striae  eight  to  twenty-six. 

C.  mucronatutt. 

Chonetea  manitobiejisis  Whiteaves. 
PI.  IV,  fig.  10. 

('.  munilobiensis  Whiteaves.  Contr.  to  (^an.  Pal.,  1892,  Vol.  I, 
p.  ^(?81,P1.  37,  figs.  1,2. 


'''The  synopsii  may  be  inaccurate  with  reference  to  the  number  of  striae  in  this  species. 
It  was  described  without  figures  and  the  description  is  not  very  full. 
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Whiteaves's  original  description. — "Shell  small,  concavo-convex, 
strongly  compressed,  transversely  semielliptical,  about  twice  as 
broad  as  long  and  broadest  at  the  hinge  line;  cardinal  extremities 
angular  and  very  slightly  produced;  sides  rounded  in  front;  anterior 
margin  nearly  straight  or  but  faintly  convex  in  the  center.  Ventral 
valve  compressed  convex,  its  cardinal  border  armed  on  each  side  of 
the  beak  with  three  or  four  slender  and  widely  divaricating  spines, 
which  increase  in  length  outward;  its  beak  inconspicuous,  minute  and 
not  projecting,  its  hingo  area  narrow  with  a  small  triangular  fissure. 
Dorsal  valve  shallowly  convex,  its  beak  minute  and  its  hinge  area 
narrower  than  that  of  the  ventral.  Surface  marked  with  very  minute 
radiating  raised  lines,  which  increase  in  number  at  variable  distances 
from  tlie  beaks  by  bifurcation  or  intercalation,  so  that  around  the 
outer  margin  as  many  as  from  seventy  to  a  hundred  can  be  counted 
under  a  lens.  In  addition  to  these,  the  exterior  of  well  preserved 
specimens  is  marked  with  exceedingly  fine  and  close-set  concentric 
raised  linos.  Interior  of  the  valve  minutely  papillose.  Muscular 
impressions  unknown.  The  dimensions  of  two  average  specimens  are 
as  follows:  Of  one,  maximum  length  nearly  ten  millimeters,  greatest 
breadth  nijieteen;  of  another,  length  ten  niillimeters  and  a  quarter, 
breadth  twenty." 

The  shells  referred  to  this  species  do  not  differ  from  the  above 
description  except  in  the  number  of  radiating  striae.  Specimens  on 
which  the  striae  were  counted  have  from  120  to  150  near  the  margin 
and  2rJ  to  25  were  counted  on  the  si)ace  of  two-tenths  of  an  inch. 
Well  j)reserved  shells  show  from  two  to  three  slender  spines  pointing 
outward  on  each  side  the  beak.  Many  specimens  show  a  wide  but  in- 
distinct UH'sial  depression  on  the  ventral  valve.  A  rather  large  speci- 
men measures  nine-tenths  of  an  inch  in  width,  five-tenths  of  an  inch 
in  length  and  one-tenth  of  an  inch  in  thickness  in  the  thickest  part 
of  the  shell. 

This  species  is  extremely  abundant  at  a  single  locality  in  northern 
Indiana,  where  it  is  associated  with  Sp.  nnirmnalus. 

Form  at  ion  and  loralily. 

Sellersburg  l)eds;  Little  Hock  ( Yeek,  Cass  County. 

Ghonetes  arcuatvM  Hall. 

PI.  IV,  figs.  6, 6a. 

0.  arcuatus  Hall,  Pal.  N.  Y.,  Vol.  IV,  18(57,  p.  119,  PI.  25,  fig.  7. 
Hairs  dm-ription. — "Shell  semielliptical  or  approaching  to  semi- 
circular; the  cardinal  extremities  often   extended  and   auriculate. 
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Ventral  valve  arcuate,  extremely  gibbous  or  ventricose,  with  usually  a 
shallow  undefined  longitudinal  sinus  extending  from  the  umbo  to 
below  the  middle  or  near  the  front  of  the  shell,  often  constricted 
near  the  cardinal  extremities;  umbo  more  or  less  gibbous  or  raised 
in  a  gentle  elevation  above  the  hinge  line  with  the  beak  incurved. 
Hinge  line  in  casts  apparently  crenulate;  and  on  the  exterioF  margin 
are  ten  or  twelve  tubular  spines  directed  obliquely  outward.  Dorsal 
valve  profoundly  concave,  following  nearly  the  convexity  of  the  op- 
posite valve,  and  having  the  center  a  little  elevated  corresponding 
to  the  mesial  depression.  Surface  marked  by  fine  even  rounded 
striae,  which  increase  both  by  bifurcation  and  intercallation,  crossed 
by  extremely  fine  concentric  striae  with  sometimes  stronger  sub- 
imbricating  lines  of  growth.  The  surface  of  the  cast  in  the  ventral 
valve  is  marked  by  closely  disposed  oblong  pits  or  pores,  from  the 
papillose  inner  surface  of  the  shell.  There  is  a  concentric  line  ex- 
tending from  the  apex  gently  receding  from  the  hinge  margin  and 
curving  inwards  at  the  same  distance  from  the  cardinal  extremities, 
and  thence  to  the  front  of  the  shell,  leaving  the  portion  outside  of 
this  a  little  more  elevated.  The  muscular  impressions  consist  of  a 
narrow  central  scar  just  below  the  apex  of  the  beak,  for  the  occlusor 
muscles;  while  there  are  two  elongate  ovate  or  pyriform  scars,  one  on 
each  side  of  the  apex  and  spreading  laterally  just  within  the  limits 
of  the  constricted  line." 

Prof.  J.  M.  Clarke  says  of  specimens  submitted  to  him  "that  there 
is  no  important  diiference  in  specific  characters,  although  there  is  a 
notable  dilTerence  in  size,  our  corniferous  limestone  species  generally 
being  larger  than  those  from  Indiana,  and  the  type  specimens  quite 
notably  so."  The  surface  is  marked  by  from  sixty  to  seventy  rounded 
striae. 

This  species  has  been  found  at  but  one  locality  where  it  is  abun- 
dant. 

Formation  and  locality, 

Jeifersonville  limestone;  Paris  Crossing. 

Choneten  coronatus  (Conrad). 
PI.  IV,  fig.  7. 

C.  coronatus  Hall,  Pal.  N.  Y.,  1867,  Vol.  IV,  p.  133,  PI.  21, 
figs.  9-12. 

HalVs  description  in  part. — "Shell  transverse,  somewhat  broadly 
elliptical,  the  hinge  line  being  sometimes  shorter  than  the  width  of 
the  shell  and  the  cardinal  angles  rounded;  in  others  it  is  often  equal 
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to  the  greatest  width  of  the  shelly  and  its  form  is  semioval^  with  the 
lateral  margins  nearly  rectangular  to  the  hinge  line,  the  width  being 
about  once  and  a  half  as  great  as  the  length.  The  cardinal  angles 
are  sometimes  produced  in  short  acute  ariculate  extensions.  Ventral 
valve  varying  from  moderately  convex  in  the  younger  shells  to  very 
gibbous  in  the  older  ones;  often  a  little  flattened  below  the  umbo, 
and  this  plane  space  gradually  widening  to  the  front.  Sometimes 
there  is  a  shallow  undefined  depression  along  the  middle  of  the  valve. 
The  outline  of  the  valve  presents  a  very  regular  convexity,  while  it 
is  abruptly  depressed  towards  the  cardinal  extremities,  which  are 
flattened  and  a  little  deflected  to  the  ventral  side.  The  dorsal  valve 
is  variably  concave,  sometimes  following  nearly  the  contour  of  the 
ventral  valve,  but  often  very  moderately  concave  or  nearly  flat  in  the 
middle  and  upper  part,  and  more  suddenly  deflected  toward  the  front 
and  lateral  margins,  flattened  at  the  cardinal  extremities,  and  a  little 
concave  just  below  the  hinge  line.  The  surface  is  marked  by  num- 
erous  closely  arranged  slender  subequal  striae  which  are  bifurcated 
or  increased  by  intercallation,  and  are  continued  on  the  cardinal 
extremities  to  within  a  little  distance  of  the  hinge  line,  beyond  which 
the  surface  is  marked  by  lamellose  concentric  striae.  In  well  pre- 
served surfaces  the  radiating  striae  are  crossed  by  undulating  concen- 
tric striae;  but  in  the  greater  number  of  specimens  these  are  not 
preserved  and  the  radiating  striae  have  a  fibrous  appearance.  The 
cardinal  margin  of  the  ventral  valve  is  furnished  with  five,  six  or 
seven  oblique  tubular  spines  on  each  side  of  the  apex,  though  usually 
only  three  or  four  are  visible.  The  ventral  area  is  usually  narrow, 
sublinear,  though  often  perceptibly  triangular;  the  foramen  is  of 
moderate  size,  partially  closed  by  a  convex  pseudo-deltidium,  and 
the  lower  part  occupied  by  the  cardinal  process.  The  dorsal  area  is 
linear,  often  more  than  half  as  wide  as  the  ventral  area,  with  a  tri- 
angular space  in  the  middle  occupied  by  the  cardinal  process.  *  *  *" 
An  average  specimen  of  this  shell  shows  12  striae  in  the  space  of 
two-tenths  of  an  inch,  and  about  70  around  the  margin  of  the 
shell.    This  is  a  rather  rare  species. 

Formation  and  locality, 

Sellersburg  beds  and  Jeifersonville  limestone;  Lexington,  Charles- 
town  and  Deputy. 

Chonetea  acutiradiatvs  Hall. 

C.  acutiradiatus  Hall,  Pal.  N.  Y.,  1867,  Vol.  IV,  p.  120,  PI.  20, 
fig.  5. 

HalVs  description, — "Shell  nearly  semicircular,  sometimes  a  little 
more  than  twice  as  wide  as  long;  the  cardinal  extremities  produced. 
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gular  to  the  hinge  line  or  curving  inwards.  Ventral  valve  more  or 
less  convex  toward  the  umbo  and  sometimes  in  the  middle,  curving 
downwards  or  flattened  toward  the  front  and  sides  of  the  shell;  beak 
often  distorted;  area  vertical  or  inclined  forwards  or  backwards,  usu- 
ally unequal  on  the  two  sides  of  the  foramen,  which  is  closed  by  a 
/strong  convex  deltidial  plate.  Dorsal  valve  depressed  convex,  some- 
times nearly  flat  and  sometimes  very  convex,  with  a  narrow  linear 
area;  socket  plates  strong  and  supporting  the  cardinal  process,  which 
is  double  and  has  sometimes  a  faint  ridge  between  the  two  divisions, 
which  are  themselves  very  short.  Surface  marked  by  sharp  close 
radiating  crcnulated  striae,  which  increase  mainly  by  interstitial 
additions.'^ 

This  extremely  variable  species  is  rather  rare.  In  the  specimens 
studied  the  radiating  striae  increase  by  bifurcation  instead  of  by 
interstitial  addition  as  described  by  Hall. 

Formation  and  locality. 

Jeffersonville  limestone;  Falls  of  the  Ohio,  Lancaster,  Seipio,  Kent 
and  Newbem. 

Parazyga  hirsiUa  Hall. 

Pl.XI»figf.4,4a. 

Trematospira  hirsuta  Hall,  Pal.  N.  Y.,  Vol.  IV,  1867,  p.  274,  PI.  45, 
figs.  16-32. 

Hall's  description. — "Shell  depressed  orbicular  in  the  young  state; 
becoming  subtrilobate  by  the  gradual  development  of  the  mesial  fold 
and  sinus  and  often  gibbous  in  the  older  specimens;  valves  subequally 
convex;  hinge  line  extending  about  two-thirds  the  width  of  the  snell. 
Ventral  valve  usually  a  little  more  gibbous  than  the  opposite;  greatest 
convexity  above  the  middle  of  the  shell,  whence  it  curves  regularly  to 
the  apex  which  is  terminated  by  a  circular  foramen  or  more  often 
truncated  below  by  the  summit  of  the  opposite  valve;  contour  regu- 
larly curving  to  the  cardinal  and  lateral  margins.  The  mesial  sinus 
becomes  gradually  developed  above  the  middle  in  full  grown  shells, 
and  is  very  conspicuous  toward  the  front,  having  the  sides  curving 
and  rarely  strongly  defined.  The  false  area  is  not  visible  beneath  the 
beak.  Dorsal  valve  regularly  convex  in  young  shells;  becoming  ele- 
vated in  the  center,  and  a  mesial  fold  gradually  developing  itself,  till 
in  older  shells  it  becomes  very  conspicuous  toward  the  front,  having 
the  sides  curving  and  rarely  strongly  defined.  The  false  area  is  not 
visible  beneath  ihe  beak.  Dorsal  valve  regularly  convex  in  young 
shells;  becoming  elevated  in  the  center  and  a  mesial  fold  gradually 
developing  itself,  till  in  old  shells  it  becomes  very  conspicuous  towards 
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the  front.  The  sides  arp  pretty  regularly  convex,  and  curving  towards 
the  margins.  Surface  marked  by  from  30  to  40  low  rounded  striae 
which  are  obscure  toward  the  beaks,  but  become  larger  and  raore 
conspicuous  towards  the  margin;  these  are  crossed  by  fine  close  con- 
centric lines  of  growth,  and  more  distant  imbricating  lamellae.  The 
surface  ordinarily  preserved  is  granulose,  but  when  perfect  it  is  cov- 
ered by  minute  seta  or  spinules,  the  bases  of  which  remaining  give 
the  papillose  character.  Entire  shell  structure  punctate.  The  in- 
terior of  the  ventral  valve  shows  two  strong  teeth,  which  are  ex- 
tended in  low  plates  along  the  sides  of  the  rostral  cavity  to  the 
margins  of  the  muscular  area,  which  is  broad,  flabelliform,  and 
scarcely  defined  on  the  front  and  lower  lateral  margins.  The  interior 
of  the  dorsal  valve  shows  a  strong  deeply  bilobed  cardinal  process, 
with  the  bases  of  slender  crura;  the  teeth  sockets  are  large  and  deep; 
there  is  a  low  median  crest  or  septum,  which  is  somewhat  strong 
above,  but  dies  out  towards  the  middle  of  the  shell.  In  specimens 
which  have  been  cut  to  show  the  spires,  these  appendages  are  slender 
with  about  10  or  11  turns  on  each  side.  The  proportions  of  length 
and  breadth  are  about  as  three  to  four.  The  largest  specimen  ob- 
served is  a  little  more  than  three-fourths  of  an  inch  in  length,  by 
an  inch  and  one-sixteenth  in  width;  while  many  of  the  specimens 
are  less  than  half  these  dimensions.  A  well  formed  specimen  of  about 
three-fourths  of  an  inch  in  length  by  one  inch,  has  a  depth  of  nine- 
sixteenths  of  an  inch.  A  very  gibbous  specimen  measures  three- 
eighths  of  an  inch  in  length,  nine-sixteenths  in  width  and  half  an 
inch  in  depth." 

A  specimen  from  Charlestown  slightly  above  the  average  size 
measures  five-eighths  of  an  inch  in  length,  nine-sixteenths  of  an  inch 
in  width  and  three-eighths  in  thickness.  The  Indiana  specimens  do 
not  preserve  the  fine  concentric  lines  and  minute  striae  described  on 
the  New  York  specimens.    This  is  a  rather  rare  fossil. 

Form  alio  n  and  locality. 

Sellersburg  bods  and  Jeffersonville  limestone;  Charlestown,  Falls 
of  the  Ohio  and  Bunker  Hill. 

Tropidoleptus  earinatus  (Conrad). 

PI.  VI,  figa.  4.  8. 

T.  earinatus  Hall,  Pal.  N.  Y.,  Vol.  IV,  1867,  p.  407,  PI.  62,  figs. 
2,  3. 

II air s  description. — "Shell  concavo-convex,  semielliptical,  the 
length  sometimes  equaling  the  width;  hinge  line  equaling,  greater  or 
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less  than  the  width  of  the  shell,  and  the  cardinal  extremities  some- 
times rounded  so  as  to  -give  the  sliell  a  broadly  oval  form;  the  sides 
are  sometimes  nearly  straight  and  the  front  broadly  rounded.  Ven- 
tral valve  convex,  broadly  sul)carinate  along  the  middle,  and  sloping 
in  a  flattened  curve  to  the  lateral  margins  and  front,  which  is  some- 
times slightly  truncate  or  emarginate;  cardinal  extremities  deflected, 
abruptly  incurved  at  the  umbo,  and  the  apex  often  imperfect  from 
the  encroachment  of  the  foramen.  Area  a])out  half  a  line  to  about 
one  line  in  width;  its  margins  ])arallel  to  near  the  extremities,  where 
it  slopes  suddenly  down  from  the  outer  margin.  The  area  is  longi- 
tudinally striate,  and  indented  l)y  a  very  wide  foramen.  l)oi*sal  valve 
firoderatelv  concave,  sometimes  nearlv  flat,  often  with  a  median  de- 
pression  or  sinus  which  luK-omes  conspicuous  below  the  middle  of  the 
valve:  apex  smalls  projecting  a  little  beyond  the  hinge  line,  lliere 
is  a  narrow  area  interrupted  in  the  middle  by  a  wide  j)seudo-deltidiuni 
which  covers  the  extremity  of  the  cardinal  i)rocess.  Surface  marked 
by  about  18  to  20  broad  simi)le  rounded  plications  which  are  wider 
than  the  spacers  between  them;  the  central  one  on  the  ventral  valve 
is  broader  and  more  elevated  than  the  others,  while  there  is  a  cor- 
responding wider  and  deeper  depression  in  the  middle  of  the  dorsal 
valve.  In  rare  instances  the  plications  are  bifurcated.  Fine  undulat- 
ing concentric  striae  cover  the  surface  and  Ave  stronger  imbricating 
lamellae  mark  the  form  of  the  shell  in  its  stages  of  growth.'' 

T]V\H  is  a  common  fossil  in  the  Upper  Devonian  of  nortluMMi  and 
sf»uthern  Indiana. 

■ 

FornHiflon  (tud  loraUtij. 

Sellersburg  beds;  Norway,  ScotI  (\)unty,  Norlli  Vernon,  l)(»puty, 
Cliarlostown  and  Ijcxinglon. 

ATHYRLS.* 

A.     Shell  usually  more  than  an  inch  in  width.  A,  spiri/eroides, 

AA.     Shell  usually  less  than  one  inch  in  width.  A.  fuitofiensU, 

Athjrl^  spiriferoides  (Eaton). 
PI.  XI,  fig.  6. 
A.  si)irifrr(.ides  Hall,  Val.  X.  Y.,  Vol.  IV,  18(;;,  p.  2S:),  PI.    IG, 

Jfall's  (hticriptio)}. — *'Shell  varying  from  iransvcrsi'ly  oval  to  sub- 
orbiciilar  and  soinrtinios  sulxpiadrato,  depressed  or  suhglobose, 
iiion'  or  less  deeply  sinuate  on  the  ventral  side,  with  a  corresponding 


^The  feparation  of  .4.  npiriferoides  and  A.  vitata  as  difftinct  species  is  based  chiefly  on 
the  difference  in  the  i'tructure  of  the  spires  of  the  two  forms. 
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elevation  on  the  dorsal  side;  hinge  line  short,  the  cardinal  extremities 
rounded.  Ventral  valve  moderately  gibbous,  often  regularly  convex 
above  the  middle,  and  becoming  deeply  sinuate  toward  the  front, 
which  is  frequently  abruptly  elevated,  flattened  or  a  little  concave 
toward  the  cardinal  extremities  in  the  w^der  specimens;  umbo  gib- 
bous, the  beak  incurved,  and  often  directed  in  a  line  nearly  rectangu- 
lar to  the  j)lane  of  the  longitudinal  axis  and  covering  the  umbo  of 
the  opposite  valve;  apex  perforate.  Dorsal  valve  gibbous,  much  more 
convex  than  the  opposite  valve;  um])0  prominent,  outline  regularly 
convex  above  the  middle  and  curving  abruptly  to  the  sides;  the  usUt 
allv  defiiHMl  mesial  fold  becomes  visible  below  the  middle  of  the  valve 
and  usually  very  conspicuous  toward  the  front,  which  is  al)ruptly  ele- 
vated. Surface  marked  by  concentric  lines  of  growth,  and  the  lamel- 
lae often  (extended  and  closely  imbricated;  line  interrupted  and 
scarcely  distinct  radiating  striae,  which  appear  like  ducts  within  the 
substance  of  the  shell,  nuirking  the  surface  in  many  specimens.  The 
upper  j)art  of  the  shell  is  sometimes  nearly  free  from  imbricating  la- 
mellae, but  they  become  crowded  toward  the  front." 

Alhi/ris  spiriferouhs  is  much  rarcT  than  A.  fulfotiPttsis,  which  ditfers 
from  it  externally  only  in  its  smaHer  and  more  gibbous  form. 

Formal  ion  and  locality. 

SeUcrsburg  beds;  ('harlestown. 

Athyris  faUonenm  (Swallow). 

A.  vitata  Hall,  Pal.  N.  Y.,  Vol.  IV,  18()7,  p.  2SJ),  PI.  4(i,  figs.  1-4. 

I/alTs  (lescriplinn. — "Shell  ovate,  sub(|uadnite,  gibbous  with  the 
mesial  fold  and  sinus  distinct;  front  conspicuously  sinuate;  hinge  line 
short:  cardinal  extremities  rounded.  Ventral  valve  gibbous  above, 
more.convex  than  the  dorsal;  umbo  prominent;  the  beak  incurved  and 
truncated  in  the  plane  of  the  longitudinal  axis  by  a  rounded  foramen, 
curving  viTv  abruptly  t/>  the  cardinal  and  cardino-lateral  margins; 
the  center  marked  by  a  well  d(»fined  mesial  sinus,  which  is  continued 
nearly  or  quite  to  the  beak  and  becoming  much  deeper  and  subangu- 
larlv  margined  towards  the  front.  Dorsal  valve  a  little  less  jribbous 
than  the  ventral,  sides  regularly  curving:  the  middle  (»f  the  uj)per  part 
distinctly  ])rominent,  and  devel()])ed  below  in  a  strong  mesial  fold 
which  is  abruptly  elevated  in  front.  Surface  marked  by  regularly 
imbricating  laniellose  lines  of  growth,  which,  on  the  b(4ter  ])reserved 
surfaces  are  finely  crenulated  on  their  edges  and  the*  internuMliate 
spaces  striate.  Interiorly  the  s])ires  of  this  form,  in  their  first  volu- 
tion arnl  in  the  accessory  lamellae  are  (|uite  distinct  from  those  of 
A.  sjfirifrroidf's/' 

This  species  is  abundant  at  many  localities. 
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Formation  and  locality. 

Sellersburg  beds  and  Jeflfersonville  limestone;  Little  Rock  Creek, 
Cass  County,  Bunker  Hill,  Falls  of  the  Ohio,  Charlestown,  Watson, 
Kent,  Sellersburg  and  Lexington. 

ATBTPA. 

A.     Plications  very  coarse,  about  seven  or  eight  in  a  half  inch,  cancellated  by 
strong  concentric  lamellae.  A,  spinosa, 

AA.     Plications  not  very  coarse,  about  12  or  16  in  a  half  inch,  usually  without 
concentric  lamellae, 
b.     Shell  longitudinally  subelliptical  in  outline. 

A,  reticularis  var.  ellipsoida, 
bb.     Shell  not  longitudinally  subelliptical  in  outline.  -A,  retiadaris. 

Atrypa  rdieularis  (Linnaeus). 
PI.  VI.  flc.  10. 

A.  reticularis  Hall,  Pal.  Iowa,  Vol.  I,  Pt.  2,  1868,  p.  616,  PL  6, 
figs.  4,  6. 

HalVs  description. — "Shell  depressed,  suborbicular  in  its  young 
state,  becoming  gibbous  and  sinuate  in  its  mature  condition;  hinge 
line  often  nearly  straight  and  almost  equaling  the  width  of  the  shell; 
valves  nearly  equally  convex  in  the  young  state,  the  dorsal  valve 
becoming  more  gibbous  as  the  shell  advances  in  age,  and  sometimes 
acquiring  an  undefined  mesial  lobe  down  the  center.  The  ventral 
valve  in  the  young  state  has  the  beak  nearly  straight  and  perforate 
at  the  apex,  becoming  incurved  and  finally  closely  bent  over  the  beak 
of  the  opposite  valve;  a  narrow  false  area  is  sometimes  observable. 
Shell  broadly  and  deeply  sinuate  in  front." 

This  is  one  of  the  most  abundant  species  of  the  Devonian  lime- 
stones. It  is  subject  to  great  variation  in  shape,  size  and  surface 
markings.  The  specimens  found  in  the  arenaceous  "cement  rock*' 
of  the  Sellersburg  beds  reach  a  considerably  larger  average  size  than 
those  in  the  more  pure  limestones. 

A  specimen  in  Mr.  6.  K.  Green's  collection  is  almost  entirely  cov- 
ered by  a  series  of  closely  arranged  imbricating  lamellae  or  lines 
of  growth,  giving  the  shell  a  very  roughly  imbricated  surface. 

Formation  and  locality. 

Sellersburg  beds  and  Jeflfersonville  limestone;  throughout  tlie  De- 
vonian. 
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Atrypa  spinosa  Hall. 

PI.  VI.  fiff.  11. 

A.  spinosa;  vel  aspera  Hall,  Pal.  N.  Y.,  1867,  Vol.  IV,  p.  322, 
PI.  53A,  figs.  1-14. 

Hall's  description. — "Shell  robust  suborbicular  or  ovoid;  width 
greater  or  less  than  the  length;  radiatingly  eostate  and  concentrically 
lamellose  or  spinose;  hinge  line  often  nearly  straight,  a  little  less 
than  the  width  of  the  shell.  Ventral  valve  depressed  convex,  becom- 
ing more  convex  in  the  upper  part;  nearly  flat  and  often  a  little  con- 
cave toward  the  lateral  margins,  and  cardinal  extremities  depressed 
or  broadly  sinuate  in  part;  beak  abruptly  rounded;  apex  truncate  and 
perforate,  closely  appressed  and  overlapping  the  umbo  of  the  oppo- 
site valve.  Dorsal  valve  convex,  becoming  gibbous  in  old  shells,  flat- 
tened or  slightly  concave  toward  the  cardinal  angles,  regularly  curv- 
ing to  the  sides  and  baso-lateral  margins,  and  a  little  elevated  in 
front  but  without  any  distinct  mesial  fold.  Surface  marked  by  strong 
rounded  radiating  costae  bifurcating  at  unequal  intervals,  which  are 
much  stronger  in  the  middle  of  the  valve  and  become  obsolete  or 
appear  as  gentle  undulations  towards  the  cardinal  angles.  In  the 
middle  of  the  valves  there  are  about  seven  or  eight  of  these  costae 
in  the  space  of  half  an  inch.  The  shell  is  also  majrked  by  strong 
concentric  lamellae  which  are  often  about  a  line  apart.  In  perfect 
shells  these  lamellae  at  the  crossings  of  the  costae  are  often  produced 
into  tubular  spines,  which,  when  worn  off,  leave  the  ordinary  lamel- 
lose surface.  The  spaces  between  these  projecting  lamellae  are 
marked  by  fine  thread-like  striae.  In  the  separated  valves  the  hinge 
line  is  often  neariy  straight,  the  muscular  area  of  the  ventral  valve 
is  short  and  broad,  the  length  from  the  apex  being  about  equal  to 
the  width.  There  is  a  slight  thickening  of  the  shell  at  the  base  of 
the  rostral  cavity.  The  surface  around  the  muscular  area  is  papillose, 
and  limited  by  a  thickened  border  except  in  part,  where  it  is  dis- 
continued. Fine  vascular  markings  are  sometimes  visible  near  the 
margin.  In  the  dorsal  valve  there  is  a  thickened  septum  in  the  upper 
part  of  the  muscular  area.  The  spires  of  full  grown  individuals 
have  about  fifteen  turns  in  each." 

This  is  a  rare  species  as  compared  with  A,  reticularis. 

Formation  and  locality, 

Sellersburg  beds;  Falls  of  the  Ohio  and  Charlestown. 
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Airypa  reticularis  var.  ellipioida  (Nettlerolh). 

A.  ellipsoida  Nett.,  Ky.  Foss.  Shells,  1889,  p.  90, 

Nettlorotli  says  of  tliis  shell  tliat  **it  resembles  in  every  feature 
exeei)t  the  form"  Atrijpa  rdirnlaris,  iUit  Nettlerotli  considered  the 
elliptical  form  a  specific  character  and  hased  the  species  A.  ellipsoidea 
upon  it. 

Specimens  of  Airi/pa  reticularis  which  are  longer  than  wide  and 
approach  somewhat  the  elliptical  form,  are  not  uncommon.  Tlie 
variation  in  shape  is  so  great  in  Airypa  reticularis  that  it  seems 
preferable  to  regard  A.  ellipsoidea  as  a  variety  of  A,  reticularis. 

For  mat  ion  and  locality, 
Jeifersonville  limestone;  Kails  of  the  Ohio  (Nettlerotli). 

CHONBTEB. 

A.     Cardinal  extremities  produced.  C.  aeutiradiala. 

AA.     Cardinal  extremities  not  produced, 
b.     Shell  Urge. 

c.     Nine  to  fifteen  radiating  striae  iu  the  space  of  two-tenths  of 
an  inch, 
d.     Ventral  valve  extremely  gibbous,  striae  rounded,  dorsal 
valve  profoundly  concave,  striae  rounded. 

C.  arcuatux. 
dd.     Ventral  valve  usually  moderately  convex,  striae  slen- 
der and  rather  sharply  angular,  dorsal  valve  not 
profoundly  concave, 
e.     Five  to  seven  spines  on  each  side  the  beak  (fre- 
quently not  visible).  C  coronntus, 
ee.     Two  spines  on  each  side  the  beak  ? 

*(7.  suhquadrata. 
cc.     Twenty  to  twenty-four  radiating  striae  in  the  space  of  two- 
tenths  of  an  inch.  *  C.  manitobiensis. 
f.     Radiating  striae  about  sixty. 

C.  yandellaniLs. 
ff.     Radiating   striae   twenty-six    to   thirty- 
four.  C.  vicinus. 
fff.     Radiating  striae  eight  to  twenty-six. 

C.  mucroTHitu». 

Chonetes  nianitobiensis  Whiteaves. 
pi.rv.fiif.io. 

C.  manitobiensis  Whiteaves,  Contr.  to  Can.  Pal.,  1892,  Vol.  I, 
p.  281,  PL  37,  figs.  1,  2. 


*'  The  synopsii  may  be  inaccurate  with  reference  to  the  number  of  striae  in  this  species. 
It  was  4esoribed  without  figures  and  tbp  description  is  not  very  full. 


DF4VONIAN   FOSSILS   AND   STRATrGRAPHY   OF   INDIANA.  601 

Whiteaves^s  original  description. — "Shell  small,  concavo-convex, 
strongly  compressed,  transversely  semielliptical,  about  twice  as 
broad  as  long  and  broadest  at  the  hinge  line;  cardinal  extremities 
angular  and  very  slightly  produced;  sides  rounded  in  front;  anterior 
margin  nearly  straight  or  but  faintly  convex  in  the  center.  Ventral 
valve  compressed  convex,  its  cardinal  border  armed  on  each  side  of 
the  beak  with  three  or  four  slender  and  widely  divaricating  spines, 
w^hich  mcrease  in  length  outward;  its  beak  inconspicuous,  minute  and 
not  projecting,  its  hinge  area  narrow  with  a  small  triangular  fissure. 
Dorsal  valve  shallowly  convex,  its  beak  minute  and  its  hinge  area 
narrower  than  that  of  the  ventral.  Surface  marked  with  very  minute 
radiating  raised  lines,  which  increase  in  number  at  variable  distances 
from  the  beaks  by  bifurcation  or  intercalation,  so  that  around  the 
outer  margin  as  many  as  from  seventy  to  a  hundred  can  be  counted 
under  a  lens.  In  addition  to  these,  the  exterior  of  well  preserved 
specimens  is  marked  with  exceedingly  fine  and  close-set  concentric 
raised  lines.  Interior  of  tlie  valve  minutely  papillose.  Muscular 
impressions  unknown.  The  dimensions  of  two  average  spcHL'imens  are 
as  follows:  Of  one,  maximum  length  nearly  ten  millimeters,  greatest 
breadth  nineteen;  of  another,  length  ten  millimeters  and  a  quarter, 
breadth  twenty." 

The  shells  referred  to  this  species  do  not  differ  from  the  above 
description  except  in  the  numl)er  of  radiating  striae.  Specimens  on 
which  the  striae  were  counted  have  from  120  to  150  near  the  margin 
and  "2'.i  to  25  were  counted  on  the  space  of  two-tenths  of  an  inch. 
Well  ])res(TV(.'d  shells  show  from  two  to  three  slender  spines  pointing 
outward  on  each  side  tlie  beak.  Many  specimens  show  a  wide  but  in- 
distinct mesial  depression  on  the  ventral  valve.  A  rather  large  speci- 
men measures  nine-tenths  of  an  inch  in  width,  five-tenths  of  an  inch 
in  length  and  one-tenth  of  an  inch  in  thickness  in  the  thickest  part 
of  the  shell. 

This  species  is  extremely  abundant  at  a  single  locality  in  northern 
Indiana,  where  it  is  associated  with  Sp.  fNurronafus. 

Ftjrnifition  and  locality. 

Sellersburg  b(»ds:  Little  Hock  Creek,  Cass  County. 

Clionetes  areuatuH  Hall. 

PI.  IV,  figs.  6, 6a. 

C.  arcuatus  Hall,  Pal.  X.  Y.,  Vol.  IV,  IHGT,  p.  119,  PI.  25,  fig.  7. 
TTalVs  dpscription, — ''Shell  semielliptical  or  approaching  to  semi- 
circular; the  cardinal  extremities  often   extended   and   auriculate. 
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Ventral  valve  arcuate,  extremely  gibbous  or  ventricose,  with  usually  a 
shallow  undefined  longitudinal  sinus  extending  from  the  umbo  to 
below  the  middle  or  near  the  front  of  the  shell,  often  constricted 
near  the  cardinal  extremities;  umbo  more  or  less  gibbous  or  raised 
in  a  gentle  elevation  above  the  hinge  line  with  the  beak  incurved. 
Hinge  line  in  casts  apparently  crenulate;  and  on  the  exterioF  margin 
are  ten  or  twelve  tubular  spines  directed  obliquely  outward.  Dorsal 
valve  profoundly  concave,  following  nearly  the  convexity  of  the  op- 
posite valve,  and  having  the  center  a  little  elevated  corresponding 
to  the  mesial  depression.  Surface  marked  by  fine  even  rounded 
striae,  which  increase  both  by  bifurcation  and  intercallation,  crossed 
by  extremely  fine  concentric  striae  with  sometimes  stronger  sub- 
imbricating  lines  of  growth.  The  surface  of  the  cast  in  the  ventral 
valve  is  marked  by  closely  disposed  oblong  pits  or  pores,  from  the 
papillose  inner  surface  of  the  shell.  There  is  a  concentric  line  ex- 
tending from  the  apex  gently  receding  from  the  hinge  margin  and 
curving  inwards  at  the  same  distance  from  the  cardinal  extremities, 
and  thence  to  the  front  of  the  shell,  leaving  the  portion  outside  of 
this  a  little  more  elevated.  The  muscular  impressions  consist  of  a 
narrow  central  scar  just  below  the  apex  of  the  beak,  for  the  occlusor 
muscles;  while  there  are  two  elongate  ovate  or  pyriform  scars,  one  on 
each  side  of  the  apex  and  spreading  laterally  just  within  the  limits 
of  the  constricted  line." 

Prof.  J.  M.  Clarke  says  of  specimens  submitted  to  him  "that  there 
is  no  important  difference  in  specific  characters,  although  there  is  a 
notable  difference  in  size,  our  corniferous  limestone  species  generally 
being  larger  than  those  from  Indiana,  and  the  type  specimens  quite 
notably  so."  The  surface  is  marked  by  from  sixty  t©  seventy  rounded 
striae. 

This  species  has  been  found  at  but  one  locality  where  it  is  abun- 
dant. 

Formation  and  locality. 

Jeffersonville  limestone;  Paris  Crossing. 

Chonetea  coronatus  (Conrad). 
PI.  IV,  fig.  7. 

C.  coronatus  Hall,  Pal.  N.  Y.,  1867,  Vol.  IV,  p.  133,  PL  21, 
figs.  9-12. 

HalVs  description  in  part. — "Shell  transverse,  somewhat  broadly 
elliptical,  the  hinge  line  being  sometimes  shorter  than  the  width  of 
the  shell  and  the  cardinal  angles  rounded;  in  others  it  is  often  equal 
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to  the  greatest  width  of  the  shell,  and  its  form  is  semioval,  with  the 
lateral  margins  nearly  rectangular  to  the  hinge  line,  the  width  being 
about  once  and  a  half  as  great  as  the  length.  The  cardinal  angles 
are  sometimes  produced  in  short  acute  ariculate  extensions.  Ventral 
valve  varying  from  moderately  convex  in  the  younger  shells  to  very 
gibbous  in  the  older  ones;  often  a  little  flattened  below  the  umbo, 
and  this  plane  space  gradually  widening  to  the  front.  Sometimes 
there  is  a  shallow  undefined  depression  along  the  middle  of  the  valve. 
The  outline  of  the  valve  presents  a  very  regular  convexity,  while  it 
is  abruptly  depressed  towards  the  cardinal  extremities,  which  are 
flattened  and  a  little  deflected  to  the  ventral  side.  The  dorsal  valve 
is  variably  concave,  sometimes  following  nearly  the  contour  of  the 
ventral  valve,  but  often  very  moderately  concave  or  nearly  flat  in  the 
middle  and  upper  part,  and  more  suddenly  deflected  toward  the  front 
and  lateral  margins,  flattened  at  the  cardinal  extremities,  and  a  little 
concave  just  below  the  hinge  line.  The  surface  is  marked  by  num- 
erous closely  arranged  slender  subequal  striae  which  are  bifurcated 
or  increased  by  intercallation,  and  are  continued  on  the  cardinal 
extremities  to  within  a  little  distance  of  the  hinge  line,  beyond  which 
the  surface  is  marked  by  lamellose  concentric  striae.  In  well  pre- 
served surfaces  the  radiating  striae  are  crossed  by  undulating  concen- 
tric striae;  but  in  the  greater  number  of  specimens  these  are  not 
preserved  and  the  radiating  striae  have  a  fibrous  appearance.  The 
cardinal  margin  of  the  ventral  valve  is  furnished  with  five,  six  or 
seven  oblique  tubular  spines  on  each  side  of  the  apex,  though  usually 
only  three  or  four  are  visible.  The  ventral  area  is  usually  narrow, 
sublinear,  though  often  perceptibly  triangular;  the  foramen  is  of 
moderate  size,  partially  closed  by  a  convex  pseudo-deltidium,  and 
the  lower  part  occupied  by  the  cardinal  process.  The  dorsal  area  is 
linear,  often  more  than  half  as  wide  as  the  ventral  area,  with  a  tri- 
angular space  in  the  middle  occupied  by  the  cardinal  process.  *  *  *" 
An  average  specimen  of  this  shell  shows  12  striae  in  the  space  of 
two-tenths  of  an  inch,  and  about  70  around  the  margin  of  the 
shell.    This  is  a  rather  rare  species. 

Formation  and  locality. 

Sellersburg  beds  and  Jeffersonville  limestone;  Lexington,  Charles- 
town  and  Deputy. 

Chonetes  actdiradiatvs  Hall. 

C.  acutiradiatus  Hall,  Pal.  N.  Y.,  1867,  Vol.  IV,  p.  120,  PI.  20, 
fig.  5. 

HalVs  description. — ^^^Shell  nearly  semicircular,  sometimes  a  little 
more  than  twice  as  wide  as  long;  the  cardinal  extremities  produced. 
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Ventral  valve  moderately  convex,  sometimes  a  little  gibbous  in  the 
upper  part  and  frequently  flattened  or  depressed  at  or  below  the 
middle;  umbo  little  elevated  above  the  hinge  line;  greatest  convexity 
above  the  middle,  from  whence  it  curves  gently  to  the  front,  some- 
what abruptly  depressed  toward  the  cardinal  extremities,  which  are 
subauriculat-e  and  nearlv  flat.  In  two  individuals  there  is  a  distinct 
longtitudinal  sinus  in  tlie  middle  of  the  valve.  Dorsal  valve  un- 
known. Surface  marked  by  regular  subcqual  rounded  or  subangular 
striae,  which  are  often  irregularly  bifurcated  toward  the  margin  or 
increased  by  intercalations,  and  sometimes  are  nearly  simple 
throughout  (licir  length  l)elow  th(»  umbo,  those  of  the  cardinal  ex- 
tremities being  very  irregular  or  nearly  obsolete.  Hinge  line  marked 
on  each  side  of  the  center  by  four  or  five  strong  tubular  spines, 
which  are  directed  obliquely  outward.  The  sinus  in  the  ventral  valve 
is  not  uniform,  and  though  evidently  a  nonnal  character  where  it 
occurs,  it  can  not  be  relied  upon  jis  characterizing  the  species." 
This  fossil  is  reported  to  be  rare  by  Nettleroth. 

Formation  and  locality, 
Jefferson ville  limestone;  Fails  of  the  Ohio  (Nettleroth,  TTall). 

Chonetes  subtjuadratus  Nettleroth. 

V.  subqiiadratus  Nett..  Ky.  Foss.  Shells,  1H89,  p.  67. 

Nrttlen)th\^  oriqinal  description. — "Shell  as  (a?)  chonetes  of  medium 
size:  siibqnadratr,  hinge  line*  somewhat  shorter  than  the  greatest 
width  of  shell;  cHrdinal  extremities  roundrd;  lateral  margins 
slightly  curved,  almost  straight  (v\C('j)t  in  their  basal  part  which  is 
regularly  curved  into  the  basal  margin;  central  half  of  the  front  is 
straight  or  only  slightly  curved.  Ventral  valve  only  moderately 
convex  in  the  central  portion,  which  curves  regularly  from  its  middle 
to  apex  and  base:  the  slope  toward  the  lateral  and  cardinal  nuirgins 
is  more  abrupt,  causing  a  fattening  of  tlie  valve  along  the  lateral 
borders  and  j)roducing  between  the  cardinal  (\\tremities,  which  are 
little  detlected.  jind  the  umbo  a  shallow  concavity:  umbo  sharply  de- 
tined  and  modcTately  elevated:  the  beak  small,  pointed  and  incurved 
over  the  hinge  area:  the  area  is  small  forming  a  low  triangle  which 
is  divided  by  a  small  triangular  fissure;  the  foramen  is  partly  closed 
by  the  cardinal  process  of  the  oj)])Osite  valve.  The  nuirgins  of  the 
cardinal  area  are  ])rovided  with  two  round  tubular  s])ines  on  each 
side  of  Ihe  beak,  which  a])j)ear  from  their  stumps  to  have  an  out- 
ward direction.  The  dorsal  valve  is  concave,  corres])onding  in  its 
(le])ression  with  the  convexity  of  the  ventral  valve;  it^s  hinge  line  is 
narrow  or  linear.     The  surface  of  both  valves  is  covered  bv  fine 
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rounded  or  subangular  radiating  striae  which  increase  partly  by  inter- 
calation hut  mostly  by  bifurcation  on  the  ventral  valve,  while  it  is 
the  reverse  on  the  dorsal  valve,  where  very  few  of  the  striae  dichoto- 
mize, but  a  great  many  short  ones  are  implanted.  ITie  specimen 
before  me,  the  only  one  so  far  known,  measures  seven  and  one-half 
lines  in  length  and  two  lines  in  depth.  It  differs  from  the  other 
shallow  ('honetos  by  its  greater  size  and  from4he  larger  species  by  its 
shallowness." 
A  rare  species. 

Form  (if  ion  and  locality. 

Jefferson ville  limestone;  Falls  of  the  Ohio  (Nettleroth). 

« 

Clionetes  yandellanus  Hall. 

Pl.IV,  figf.  8,8a. 

C.  yandellanallall.  Pal.  N.  Y.,  Vol.  IV,  18(w,  p.  123,  PI.  20,  fig.  1. 

JlalVs  descripHon. — **Shel]  semioval,  more  or  less  gibbous;  hinge 
line  equaling  the  greatest  width  of  the  sliell.  Ventral  valve  regularly 
convex,  abruptly  depressed  toward  tlu»  cardinal  angles,  which  arc 
nearlv  flat  and  verv  sliffhtlv  deflected  toward  the  ventral  side.  Dor- 
sal  valve  with  the  concavitv  a  littli*  less  than  the  convexitv  of  the 
opposite  valve.  Area  of  the  ventral  valve  ])arallel  with  the  longi- 
tudinal axis  of  the  shell  nearlv  twice  as  wide  in  the  middle  as  near 
the  extremities:  foramen  comi>arativeIy  large,  with  margins  project- 
ing and  tlu'  opening  tilled  by  the  cardinal  proce*4s  of  the  opposite 
valve.  Dorsal  area  extriMuely  narrow,  l)(»ing  barely  a  defined  line. 
Surfact'  marked  by  fine  somewhat  equal  striae  which  increase  by 
bifurcation  and  intercalation  till  there  are  from  sixtv  to  seventv  on 
the  margin  of  the  shell,  '^i'he  cardinal  nuirgin  of  the  ventral  valve 
bears  three  or  four  short  oblique  sj)ines  on  each  side  of  the  (Tut^'r. 
The  interior  of  the  ventral  valv(»  shows  strong  dentnl  bunellae  and 
tlu*  muscular  inij)ressions  are  pretty  well  <lefiiUMl.  The  dorsal  muscu- 
lar im])ressions  are  well  defined  and  between  them  there  is  a  strong 
nu'sial  ridge  which  is  extended  in  a  bidentate  cardinal  process.  The 
lower  half  of  the  surface  is  strongly  papiUos(»." 

This  species  is  very  abundant  in  the  ^*cement  rock''  in  southern 
Indiana. 

Fortnali(ni  and  locality. 

Sellersburg  beds;  (-harlestown,  Watson,  Falls  of  the  Ohio. 
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Chonetes  mticronatus  Hall. 
Pi.lV.iif.ii. 

C.  mucronata  Hall,  Pal.  N.  Y.,  1867,  Vol.  IV,  p.  124,  PL  20, 
fig.  1;  PI.  21,  fig.  1. 

HalVs  description, — "Shell  small,  semioval,  moderately  convex, 
nearly  flat,  (often  flattened  in  the  shale  and  gibbous  in  the  limestone); 
cardinal  line  equaling  or  a  little  greater  than  the  middle  of  the 
shell  below;  the  extremities  sometimes  salient.  In  the  original  speci- 
mens of  this  species  from  the  Marcellus  shale,  the  ventral  valve  is 
slightly  convex  or  nearly  flat,  one-fourth  to  one-third  wider  than 
long;  the  hinge  extremities  are  rarely  a  little  produced,  but  the  spines 
being  in  the  direction  of  the  hinge  line  often  give  it  the  appearance 
of  extreme  extension.  The  dorsal  valve  is  very  moderately  concave 
or  nearly  flat.  The  surface  is  marked  by  twenty  to  twenty-four  or 
twenty-six  nearly  simple  subangular  striae,  which  are  not  so  wide  as 
the  spaces  between  them.  Sometimes  one,  two  or  three  of  these 
striae  are  bifurcated  toward  the  margin.  The  radiating  striae  are 
crossed  by  extremely  fine  concentric  elevated  striae.  The  cardinal 
margin  shows  two  and  rarely  three  spines  on  each  side  of  the  center, 
which  are  abruptly  bent  outward  so  as  to  lie  nearly  parallel  to  the 
hinge  line,  and  the  outer  one  extending  much  beyond  the  cardinal 
extremity.    The  area  is  very  narrow." 

A  well  preserved  specimen  in  Mr.  Green's  collection  has  20  plica- 
tions on  the  ventral  valve  with  two  strong  spines  on  each  side  the 
beak  and  a  third  slightly  developed  nearer  the  beak.  A  sharp  low 
median  septum  extends  not  quite  one-third  th«  distance  from  the 
area  to  the  front  of  the  shell.  The  dorsal  valve  of  another  specimen 
shows  the  cardinal  process  to  be  trilobed  at  the  extremity. 

Another  specimen  ropesenting  the  variety  originally  described  by 
Hall  as  C.  lafHcosta  is  very  gibbous  and  has  only  eight  simple  rounded 
plications  on  each  valve. 

This  is  rather  a  rare  shell. 

Form  a  lion  and  locality. 

Sellersburg  beds  and  JofTcrsonville  limestone;  Charlostown,  Kails 
of  the  Ohio  and  Sellersburg. 

Ghoneiei<  vicinun  (Castelnau). 

C.  deflecta  Hall,  Pal.  N.  Y.,  18G7,  Vol.  IV,  p.  12(),  PI.  21,  figs.  7,  8. 

HalVs  description. — "Shell  semielliptical;  length  and  width  as  four 

to  five  or  eight  to  nine,  but  rarely  proportionally  wider.     Ventral 
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valve  extremely  gibboufi  regularly  arched,  the  greatest  elevation  being 
above  the  middle  of  the  length;  abruptly  depressed  towards  the  cardi- 
nal angles,  which  are  flattened  with  the  extremities  deflected  toward 
the  ventral  side.  The  umbo  is  a  little  elevated  above  the  cardinal  mar- 
gin, and  the  minute  apex  (in  perfect  specimens)  projects  a  little  over 
the  area.  Dorsal  valve  deeply  concave,  but  not  equaling  the  convexity 
of  the  ventral  valve.  Area  of  the  ventral  v>alve  narrow,  with  the 
margin  declining  in  a  gentle  curve  to  the  extremities;  the  triangular 
foramen  is  partially  closed  by  a  pseudo-deltidium,  and  the  aperture 
occupied  by  the  cardinal  process  of  the  upper  valve.  Dorsal  area 
more  than  half  as  wide  as  the  ventral  and  marked  in  the  middle  by 
a  wide  triangular  callosity.  Surface  of  the  ventral  valve  marked  by 
from  twenty-six  to  thirty  or  thirty-four  subangular  or  sometimes 
rounded  striae,  which  are  often  increased  by  bifurcation  or  intercala- 
tion toward  the  margin.  In  those  with  fewer  striae  they  are  sharp, 
more  abruptly  elevated,  and  only  half  as  wide  as  the  interspaces,  while 
in  those  with  a  larger  number,  the  striae  and  interspaces  are  equal, 
but  sometimes  the  striae  become  fuller  and  more  rounded,  and  the 
interspaces  proportionally  less  in  width.  The  striae  on  the  dorsal 
valve  correspond  essentially  with  those  on  the  ventral  valve,  and 
there  is  a  considerable  space  at  the  cardinal  angles  of  each  valve 
destitute  of  striae.  Fine,  closely  arranged  concentric  striae  are 
visible  on  the. surface  of  well  preserved  specimens.  The  interior  of 
the  dorsal  valve  shows  a  slender  elongate  cardinal  process  which  is 
scarcely  bifid  at  the  extremity,  and  has  on  each  side  a  little  below  the 
apex,  a  minute  lateral  process  for  muscular  attachment.  The  dental 
sockets  are  limited  on  the  upper  side  by  a  narrow  ridge,  and  on  the 
lower  side  by  a  stronger  oblique  ridge  which  supports  the  base  of 
the  cardinal  process.  The  two  pairs  of  occlusor  muscular  imprints 
are  pretty  well  defined.  Beyond  the  muscular  impressions  the  sur- 
face is  covered  by  elongate  papillae,  the  marks  of  the  striae  being 
scarcely  distinct.  The  interior  of  the  ventral  valve  shows  strong 
dental  lamellae;  a  somewhat  broad  and  angular  median  ridge  ter- 
minates above  the  middle  of  the  valve.  The  occlusor  muscular  im- 
prints are  distinctly  marked;  and  outside  of  these,  the  muscular  im- 
pressions are  pretty  well  defined.  Beyond  the  muscular  impressions 
the  surface  is  covered  by  elongate  papillae,  the  marks  of  the  striae 
being  scarcely  distinct.  The  interior  of  the  ventral  valve  shows 
strong  dental  lamellae;  a  somewhat  broad  and  angular  median  ridge 
terminates  above  the  middle  of  the  valve.  The  occlusor  muscular  im- 
pressions have  not  been  observed;  and  those  of  the  divaricator 
muscles  are  wide  and  spreading,  but  not  distinctly  defined.     The 
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cavity  of  the  shell  is  abruptly  rounded  below  and  the  shell  abruptly 
defle(*ted  at  the  sides,  leaving  the  eardino-lateral  margins  nearly  flat. 
The  surface  is  finely  pusiulose  in  (he  middle,  a  little  more  eoarftely 
pustulose  along  the  deflected  line,  and  nearly  of  quite  smooth 
towards  the  margins/' 

A  few  specimens  occurring  in  the  Devonian  chert  are  referred  to 
this  species. 

Format  ion  and  locality, 
Jeffersonville  limcston(»;  Newbern. 

Cofichidiufn  knighti  (Neitleroth)  ?. 

Pentamerus  knighti  Nett.,  Ky.  Foss.  Shells,  1889,  p.  57,  PI.  29, 
figs,  1,  2, 17. 

Nettleroth  figures  two  specimens  of  this  fossil  in  the  Fossil  Shells 
of  Kentuckv,  and  staters  that  thev  arc*  from  the  (-orniferous  rocks 
near  Ijcuiisville.  No  other  s])ecimen8  have  been  reported  from  the 
Devonian.  Since  this  shell  is  known  only  in  the  Niagara  elsewhere, 
it  nuiy  be  that  its  re])orted  occurrence  in  the  Corniferous  is  an  error. 

DELTHVRIS. 

A.     Cardinal  extremities  rounded,  surf  ace  marked  by  two  to  four,  rarely  five, 
rounded  or  Hubangiilar  ribs  on  each  side  the  fold  an<i  sinus. 

D.  raricosta. 
A  A.     Cardinal  extremities  niucronate,   surface   marked   by   from   three   to   six 
prominent  angular  plications  on  each  side  the  fol4  and  sinus. 

I>.  sculpt  il is. 

DelihyrU  sculptiliA  Hall. 
PI.  X,  fig.  2. 

D.  sculptilis  Trail.  Pal.  \.  V.,  ISdT,  Vol.  lY,  p.  221,  PI.  35,  figs. 
10-11. 

IhilVs  (/rsrriptinn. — ''Shell  <ribboiis:  valves  subcqually  convex, 
s(Mnicllij)ti(al  or  siihlrian^iular:  hin*rc  line  longer  than  the  width 
of  the  ^hcll  and  prolonij^cd  into  niucronate  extensions,  Icnjjfth  about 
half  the  widili  of  the  hinge  linr.  Surface  coarsely  j)licate(l.  Ventral 
valve  regularly  convex,  arcuate;  beak  arcuate  over  a  sublinear  an^a 
of  moderate  height,  extending  to  the  limits  of  the  cardinal  line; 
mesial  sinus  strongly  defined,  subangular.  Dorsal  valve  regularly 
convex,  the  greatest  convexity  in  the  middle  and  regularly  arcuate 
fnmi  beak  to  base;  mesial  fold  abru])tly  and  strongly  elevated,  with 
the  summit  flattened  or  grooved;  beak  incurved,  area  very  narrow. 
Surface  strongly  marked  by  three,  four  or  five  abruptly  elevated 
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angular  plications  on  each  side  of  the  mesial  fold  and  sinus,  leaving 
a  somewhat  wide  corrugated  space  at  the  cardinal  angles.  The  plica- 
tions bordering  the  sinus  are  stronger,  more  elevated,  and  continuing 
distinct  quite  to  the  apex.  The  shell  is  concentrically  marked  by 
strong  imbricating  lamellose  striae,  which  are  abruptly  bent  back- 
ward and  much  elevated  in  crossing  the  plications,  giving  them  a  sub- 
nodose  character.  In  the  bottom  of  the  sinus,  these  lamellose  striae 
have  often  a  distinct  retral  bend,  with  a  slight  elevation  indicating 
an  incipient  plication  which  corresponds  with  the  depression  in  the 
mesial  fold." 

In  all  of  the  specimens  under  observation  a  distinct  retral  bend  in 
the  striae  in  the  bottom  of  the  sinus  is  noticeable;  two  or  three  of 
the  larger  ones  have  a 'well  developed  plication  in  the  bottom  of  the 
sinus.  The  plications  on  each  side  of  the  fold  and  sinus  vary  from 
five  to  six.  The  plications  sometimes  extend  almost  or  quite  to  the 
cardinal  angles.  The  specimens  vary  from  eleven-sixteenths  of  an 
inch  to  one  and  one-third  inches  in  width.  The  lamellose  striae  vary 
from  fifteen  in  the  smaller  specimens  to  twenty  in  the  larger. 

This  shell  is  very  rare  in  Indiana. 

DeUhyris  consobrina,  which  is  closely  related  to  this  species,  was 
included  in  my  list,  published  in  1899*  on  the  authority  of  the  cata- 
logue of  the  State  Museum.  Examination  of  the  specimens  labeled 
1).  consohrina  shows  them  to  belong  to  another  species. 

Formation  and  locality, 

Sellersburg  Ix'ds;  Chariestown,  Falls  of  the  Ohio. 

DelVnjris  raricosta  Conrad. 
PI.  IX,  fig.  9. 

Spirifer  raricosta  Hall,  Pal.  N.  Y.,  Vol.  IV,  p.  192,  PI.  27,  figs. 
30-34;  PI.  30,  figs.  1-9. 

HaJVs  description. — *'Shell  subquadrate,  semicircular  or  ovate,  gib- 
bous; hinge  line  equaling  the  width  of  the  shell  or  often  less;  car- 
dinal extremities  rounded.  Surface  strongly  plicated.  Ventral 
valve  most  gibbous  in  the  upper  half  and  sloping  abruptly  to  the  car- 
dinal angles,  which  are  rarely  a  little  extended  and  subauriculate; 
])eak  much  elevated  and  much  incurved  over  the  area  which  is  vari- 
able in  elevation,  sometimes  being  barely  perceptible,  while  in  others 
it  has  a  width  of  from  one  to  two  lines  and  is  marked  longitudinally 
by  a  few  strong  striae.  The  mesial  sinus  is  a  broad  rounded  depres- 
sion and  reaches  with  the  adjacent  plications  quite  to  the  apex. 


"  Ban.  Am.  Pal.,  No.  12,  p.  60. 
39-Geol. 
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Dorsal  valve  gibbous  most  convex  in  the  middle,  flattened  or  a  little 
concave  toward  the  cardinal  angles.  The  mesial  fold  is  very  promi- 
nent and  rounded  or  a  little  flattened  in  the  middle,  regularly  arcuate 
and  forming  the  small  beak  which  is  arched  over  the  linear  area. 
Surface  marked  by  from  two  to  four  strongly  elevated  rounded  or 
subangular  ribs  on  each  side  of  the  mesial  fold  and  sinus.  In  one 
specimen  I  have  seen  a  fifth  plication  toward  the  cardinal  angle. 
The  entire  shell  is  covered  by  strong  lamellose  or  imbricating  con- 
centric striae,  which  are  undulated  upon  the  ribs  and  intermediate 
depressions.  These  concentric  lines  are  sometimes  quite  regularly 
equidistant,  but  often  crowded  and  irregular  in  their  distribution 
and  more  or  less  prominent  at  their  edges.  There  are  a  series  of  fine 
closely  arranged  radiating  striae  crossed  by  the  concentric  lamellae 
and  in  very  perfect  shells  a  fimbriate  aspect.  The  surface  is  usually 
more  or  less  worn,  and  only  the  stronger  concentric  lamellae  are 
visible;  and  even  these  are  often  partially  or  entirely  obliterated. 
In  some  specimens  where  the  shell  is  well  preserved  the  plications 
are  rounded  and  not  very  prominent;  while  they  become  more  distinct 
with  a  subnodose  character,  on  the  exfoliation  of  the  shell.  Tlie 
mesial  sinus  is  usually  very  wide  at  its  base,  sometimes  equal  to  half 
the  length  of  the  shell.  The  proportions  of  the  shell  are  extremely 
variable,  the  length  being  sometimes  greater  than  the  width,  while 
usually  the  width  is  somewhat  greater  than  the  length;  and  in  some 
individuals  the  length  and  breadth  are  as  two  to  three.  The  casts 
of  thi*  ventral  valve  show  a  small  rostral  cavity  with  short  strong 
dental  plates;  the  nuiseular  area  being  small,  quadrangular  and  di- 
vided through  the  middle  by  a  distinct  septum.  The  interior  of  the 
shell  of  the  ventral  valve  shows  short  strong  hinge  teeth  and  very 
short  incurving  plates  below,  while  the  bottom  of  the  cavity  is 
divided  by  a  distinct  elevated  septum.  The  dorsal  cast  shows  marks 
of  dental  sockets,  with  strong  nuiseular  markings  at  the  apex  of  the 
fissure." 

This  is  a  very  rare  species. 

Formation  and  locality. 

Sellersburg  beds  and  Jeffersonville  limestone;  Charlestown  and 
Falls  of  the  Ohio. 

Feniugonia  unimicaia  (ConraJ)« 

Pl.X.fiRi.e,  6a. 6b, 6c, 6d. 

Meristella  (Pentagonia)  unisulcata  Hall,  Pal.  N.  Y.,  1867,  Vol.  IV, 
p.  309,  PI.  50,  figs.  18-35. 

HalVs  description. — "Shell  subtrigonal,  quadrilateral  or  sometimes 
subhexagonal  in  outline,  wider  in  front  with  the  sides  sometimes 


DEVONIAN  FOSSILS  AND  STBATIGBAPHY  OF  INDIANA.  611 

sloping  from  the  beak;  and  in  others  the  hinge  line  extended  nearly 
straight,  and  the  sides  nearly  rectangular  to  it.  A  wide  mesial  de- 
pression on  one  side,  with  prominent  elevation  on  the  other.  Ventral 
valve  with  a  broad  deep  mesial  sinus  which  occupies  nearly  the  whole 
width  of  the  valve,  and  is  bounded  on  either  side  by  an  angular  ele- 
vation which  extends  from  the  beak  to  the  baso-lateral  angles.  The 
portion  of  the  valve  outside  of  the  limitation  by  the  sinus  is  abruptly 
inflected  upwards  and  often  nearly  at  right  angles;  the  umbo  is  prom- 
inent and  the  beak  is  incurved  o,ver  the  umbo  of  the  dorsal  valve. 
Dorsal  valve  gibbous  in  the  middle;  the  centre  occupied  by  a  promi- 
nent mesial  fold,  from  which  the  surface  slopes  abruptly  to  the  Ijlteral 
angles,  becoming  more  or  less  concave  within  the  lateral  and  cardino- 
lateral  margins.  The  mesial  fold  is  marked  along  the  center  by  a 
single  deep  groove,  which  extends  to  the  beak  of  the  valve.  Surface 
marked  by  fine  concentric  striae,  and  sometimes  by  strong  imbricat- 
ing folds.  In  well  preserved  surfaces  the  striae  and  undulations  are 
bent  backwards  in  the  middle  of  the  mesial  sinus  indicating  a  mode 
of  growth  in  the  shell  corresponding  to  the  sinus  in  the  mesial  fold 
of  the  opposite  valve.  There  are  also  slight  indications  of  inter- 
rupted radiating  striae.  In  the  specimens  from  the  Hamilton  group 
there  are  appearances  of  faint  undefined  continuous  striae.  The 
specimens  from  the  limestone  are  for  the  most  part  exfoliated,  or 
have  the  shells  silicified,  by  which  the  finer  markings  are  obliterated. 
The  interior  of  the  ventral  valve  shows  a  perforation  in  the  beak 
opening  below  into  an  angular  space  which  has  been  occupied  by  the 
beak  of  the  dorsal  valve  and  thence  communicating  with  the  main 
cavity  of  the  valve.  The  base  of  the  fissure  is  margined  on  each 
side  by  a  strong  tooth  on  each  side,  which  extends  in  strong  dental 
plates  to  the  bottom  of  the  cavity,  and  these  are  often  continued  in 
a  thickened  ridge  bordering  the  muscular  impression.  The  imprints 
of  the  adductor  muscles  are  opposite  the  bases  of  the  dental  plates, 
and  below  and  on  either  side  are  the  imprints  of  the  broad  divari- 
cator  muscles.  In  the  dorsal  valve  the  cardinal  process  is  broad  and 
strong,  the  crural  bases  somewhat  widely  diverging  and  the  center 
abruptly  depressed;  the  teeth  sockets  are  long  and  supported  by 
strong  lamellar  callosities  which  extend  along  the  inner  side  of  the 
valve  nearly  parallel  to  the  exterior  margin.  The  muscular  imprints 
are  divided  by  a  low  distinct  septum." 

Variation  in  this  species  occurs  chiefly  in  connection  with  three 
characters. — the  mesial  fold,  the  short  oblique  folds  near  ihe  beak 
on  the  dorsal  valve  and  the  angular  ridges  bounding  the  mesial  sinus. 
The  latter  are  always  well  developed  and  either  obtusely  or  sharply 
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angular  near  the  beak;  when  these  ridges  are  obtusely  angular  near 
the  beak  they  usually  fade  out  before  reaching  half  way  to  the  front 
into  the  gently  rounded  sides  of  the  ventral  valve;  in  some  specimens, 
however,  they  continue  from  the  beak  to  the  front  as  sharply  angular 
elevations.  The  groove  marking  the  center  of  the  mesial  fold  varies 
from  a  well  marked  depression  which  extends  from  the  beak  to  the 
front  of  the  shell,  to  a  shallow  groove  noticeable  only  at  the  beak. 
A  series  of  shells  from  Mr.  Green's  collection  shows  this  groove  ex- 
tending from  beak  to  front  in  some  specimens,  and  gradually  retreat- 
ing toward  the  beak  in  others  until  only  a  trace  of  it  is  preserved  at 
the  beak,  the  remainder  of  the  fold  being  rounded  on  the  top.  In 
some  specimens  there  is  a  short  well  marked  oblique  fold  on  each 
side  the  beak  on  the  dorsal  valve.  In  one  specimen  there  is  a  second 
fold  slightly  developed.  A  series  of  shells  arranged  with  reference 
to  the  development  of  this  fold  shows  it  growing  gradually  less  dis- 
tinct until  it  is  entirely  absent  or  barely  noticeable. 

A  study  of  a  series  of  these  shells  shows  that  the  variations  of  the 
three  characters  above  described  are  closely  correllated.  The  car- 
dinal folds,  the  angular  ridges  of  the  ventral  valve,  and  the  groove  on 
the  mesial  fold  have  about  the  same  relative  development  on  each  in- 
dividual. 

This  is  a  rather  rare  species. 

Formation  and  locality. 

Sellersburg  bods  and  Jefferson ville  limestone;  Charlestown  and 
Falls  of  the  Ohio  and  Newborn . 

PENTAMERELLA. 

A.     Ijength  exceeding  the  width  considerably.  P.  thusneidia, 
AA.     length  less  than  the  width  or  exceeding  it  but  slightly. 

b.     Plications  numerous  and  usually  bifurcated.  P.  arata, 

bb.     Plications  few  and  simple.  P.  pavilionensin, 

FeiUamerella  pavUionensis  Hall. 

PI.  VII,  figs.  1,1a. 

P.  pavilionensis  Hall,  Pal.  N.  Y.,  1867,  Vol.  IV,  p.  377,  PI.  58, 
figs.  28-39. 

HalVs  description. — "Shell  ventricose  broadly  ovate,  often  wider 
than  long,  more  or  less  gibbons  and  arcuate  in  old  shells.  Ventral 
valve  gibbous  or  ventricose  above,  becoming  depressed  in  the  middle 
into  a  broad  shallow  undefined  sinus,  which  scarcely  reaches  to  the 
beak,  and  sometimes  not  much  above  the  middle,  and  is  produced  in 
front;  sides  abruptly  curving  to  the  margin;  beak  incurved,  obtuse^ 
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arching  from  the  broad  fissure;  cardinal  line  extending  for 
more  than  half  the  width  of  the  shell.  The  space  above  on  each 
side  of  the  fissure  is  concave  and  wrinkled.  Dorsal  valve  gib- 
bous in  the  middle,  somewhat  regularly  curving  to  the  sides  and 
front;  sides  abruptly  curving  to  the  margin;  beak  incurved,  ob- 
tuse, arching  from  the  broad  fissure;  cardinal  line  extending  more 
than  half  the  width  of  the  shell.  The  space  above  on  each  side  the 
fissure  is  concave  and  wrinkled.  Dorsal  valve  gibbous  in  the  middle, 
somewhat  regularly  curving  to  the  sides  and  front;  mesial  fold  d^ 
fined  below  the  middle  of  the  valve.  Surface  plicated,  the  plications 
rounded  or  subangular,  becoming  obsolete  towards  the  beak,  and 
prominent  below  the  middle;  of  these  there  are  two  or  three  in  the 
mesial  sinus,  and  usually  about  four  on  the  mesial  fold,  with  three, 
four  or  five  on  either  side.  The  plications  are  crossed  by  fine  con- 
centric striae  of  growth,  which,  at  irregular  intervals,  are  crowded 
into  squamose  imbricating  lines.  The  entire  surface  is  finely  papil- 
lose or  punctate  and  when  well  preserved  might  be  mistaken  for  a 
punctate  shell.  The  substance  of  the  shell  is  lamellose-prismatic 
and  brittle.  The  interior  of  the  ventral  valve  shows  a  broad  short 
and  deep  spoon-shaped  pit,  the  extremity  of  which  is  bent  abruptly 
to  the  dorsal  side.  The  septum  supporting  the  conjoined  lamellae 
extends  from  one-third  to  one-half  the  length  of  the  valve,  and  in 
some  examples  may  extend  still  farther  toward  the  anterior  margin. 
The  interior  of  the  dorsal  valve  is  not  fullv  known." 

The  specimens  in  Mr.  Green's  collection  from  the  Jails  of  the  Ohio 
show  considerable  variation.  One  specimen  has  nine  or  ten  plications 
on  each  valve,  while  in  some  specimens  only  the  three  or  four  plica- 
tions occupying  the  fold  and  sinus  are  developed.  All  of  the  plica- 
tions fade  out  entirely  or  become  very  indistinct  before  reaching 
the  cardinal  line.  In  one  shell  the  umbo  is  twisted  to  one  side  giving 
the  distorted  appearance  so  common  in  Cyrtina  JuimiUonensis.  This 
species  is  common. 

Formation  and  locality. 

Sellersburg  beds  and  Jefifersonville  limestone;  Charlestown  and 
P^alls  of  the  Ohio,  Bunker  Hill,  Pipe  Creek  Falls,  and  Little  Rock 
Creek,  Cass  County. 
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PentomareUa  thumdda  Nettkroth. 

P.  thusnelda  Nett.,  Ky.  Fobs.  Shells,  p.  51,  PI.  31,  figs.  26,  27,  28. 

Nettleroth's  original  description. — "Shell  of  medium  size,  ovoid  or 
subquadratc;  cardinal  extremities  rounded,  forming  in  the  beak  of 
the  dorsal  valve  an  angle  of  a  little  more  than  sixty  degrees;  length 
exceeding  the  width  considerably,  giving  to  the  shell  an  elongate 
somewhat  slender  appearance.  Ventral  valve  ventricose,  even  gib- 
bous; convexity  regular  from  beak  to  front,  and  also  transversely; 
greatest  convexity  a  little  above  the  middle  of  the  valve;  mesial 
sinus  indicated  by  two  very  strong  plications,  and  by  a  wide  and  deep 
groove  on  each  side  of  them;  the  summit  of  these  plications  diops  not 
at  all,  or  at  least  very  slightly,  at  the  very  front  of  the  valve,  below 
the  regular  surface;  the  two  prominent  grooves  extend  almost  to  the 
beak  forming  on  the  umbo  only  one  rib,  which  separates  into  two  pli- 
cations in  front  of  the  beak;  these  mesial  ribs  are  considerably  pro- 
longed in  front,  producing  a  subquadrilateral  extension,  beak  is 
prominent  and  incurved,  cardinal  area  large,  extending  to  the  ex- 
tremities and  bounded  by  a  well  marked  regularly  curved  line  of  de- 
marcation; fissure  of  moderate  size  but  partly  closed  by  the  beaks  of 
both  valves.  Dorsal  valve  depressed  convex,  curved  slightly  in  the 
upper  half  of  the  valve;  lateral  partitions  of  lower  half  almost  flat, 
mesial  fold  formed  by  three  strong  plications,  which  are  united  into 
one  simple  elevation  on  the  umbo,  where  it  is  only  faintly  visible; 
below  the  umbo  the  three  mesial  ribs  separate  and  extend  to  a  little 
beyond  the  front,  where  they  are  considerably  elevated;  beak  mod- 
erate and  incurved  into  the  foramen  of  the  other  valve,  cardinal  area 
only  linear.  Surface  marked  by  about  twelve  subangiilar  plications,  of 
which  those  of  the  mesial  depression  and  elevation  are  considerably 
stronger  than  those  on  the  lateral  slopes;  the  lateral  rrbs  on  the 
dorsal  valve  are  single  and  of  equal  size;  those  on  the  ventral  valve 
increase  by  bifurcation,  and  those  nearest  to  the  mesial  furrows 
appear  to  be  stronger  than  the  more  lateral  ones." 

Nettleroth  reports  this  species  to  be  raise,  only  two  specimens  being 
known^ 

Formation  and  locality. 
Jeffersonville  limestone  ("Comiferous'*);  Falls  of  the  Ohio. 
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PeTUamerellaiaraia  (Conrad). 
Pi.vii,fiir;2. 

P.  arata  Hall,  Pal.  N.  Y.,  1867,  Vol.  IV,  p.  375,  PL  58,  figs.  1-21. 

HalVs  description, — '^Shell  ovate,  more  or  less  convex  or  gibbous, 
becoming  arcuate  ovoid  in  old  shells;  the  width  greater  or  less  than 
the  length;  hinge  line  variable.  Ventral  valve  gibbous  and  somewhat 
regularly  convex  in  the  young  shells,  becoming  ventricose  in  old 
shells,  with  a  mesial  sinus  which  is  more  or  less  developed.  In  old 
shells  the  form  is  extremely  arcuate  and  the  beak  strongly  incurved; 
in  shells  of  medium  size  the  beak  is  obtuse,  limiting  the  apex  of  the 
triangular  fissure.  There  is  a  narrow  area  bordering  the  fissure  and 
the  space  on  either  side  between  the  hinge  line  and  its  apex  is  often 
flattened  and  sometimes  distinctly  limited  by  a  faint  elevation;  fissure 
large  and  nearly  covered  by  the  beak  of  the  opposite  valve.  Dorsal 
valve  in  young  shells  more  or  less  convex,  and  sometimes  gibbous 
in  the  upper  part,  and  often  moderately  convex  in  older  shells;  mesial 
fold  usually  well  defined  in  the  lower  half  of  the  valve,  sometimes 
reaching  nearly  to  the  apex;  in  young  shells  there  is  rarely  a  short 
sinus  in  place  of  the  mesial  elevation.  Surface  plicated  by  rounded 
or  angular  plications,  which  sometimes  reach  nearly  or  quite  to  the 
beak  but  are  often  only  developed  below  the  first  third  of  the  length; 
plications  usually  bifurcated;  the  bifurcations  irregular  or  unequal. 
The  interior  of  the  ventral  valve  has  an  elongate  spoon-shaped  pit, 
the  inner  extremity  of  which  is  free  for  a  considerable  extent  and 
the  upper  part  supported  on  the  central  septum  which  usually  ex- 
tends less  than  half  the  length  of  the  shell  from  the  apex.  In  tke 
dorsal  valve  the  crura  or  lamellae  are  joined  at  their  bases,  making  a 
V-shaped  trough  or  pit,  which  is  attached  to  the  valve  in  its  upper 
part  and  continues  sessile  for  about  one-half  the  length  of  the  shell." 

Hall  states  that  this  species  may  be  distinguished  from  P.  pavilion- 
etisis  by  its  greater  number  of  plications  which  are  more  or  less  angu- 
lar and  usually  bifurcate. 

Only  three  or  four  specimens  in  a  collection  of  about  eighty  Pen- 
tamerellas  show  any  bifurcating  striae.  A  few  specimens  clearly 
correspond  to  the  P.  arata  type  in  their  abundant  and  angular  plica- 
tions, but  the  pavilionensis  type  generally  predominates  in  numbers. 

Formation  and  locality. 

Jeffersonville  limestone;  Bunker  Hill,  Cass  County  and  Falls  of 
the  Ohio. 


616  REPOBT  OP  STATE  GEOLOGIST. 

8TR0PHE0D0NTA. 

A.    Shell  nearly  flat,  striae  rather  fine.  S,  perpiana. 

AA.    Shell  arched  with  some  or  all  of  the  striae  coarse. 

b.    Shell  very  large,  frequently  two  inches  or  more  in  width. 

8.  coneava, 
bb.    Shell  small  or  of  moderate  size. 

c.     Surface  marked  by  distant  elevated  striae  and  the  interspaces 

occupied  by  very  fine  striae. 

d.    Shell  usually  more  than  an  inch  in  width,  striae  lest 

regular  on  the  ventral  than  on  the  dorsal  valve. 

S.  inequiradiaia, 

dd.     Shell  usually  less  than  one  inch  in  width.    Striae  on 

the  ventral  and  dorsal  valves  similar. 

S.  inequistriata, 

cc.    Surface  marked  by  bifurcating  coarse  striae. 

e.    Shell  small,  striae  few  and  very  coarse. 

S,  plicata, 

ee.     Shell  of  moderate  size,  striae  numerous,  and 

usually  rather  fine  toward  the  margin. 

S,  demitaa, 

Stropheodanta  demissa  (Conrad). 

S.  demissa  Hall,  Pal.  N.  Y.,  1867,  Vol.  IV,  p.  101,  PI.  11,  figs. 
14-17. 

HalVs  description. — "Shell  semielliptical,  usually  wider  than  hig|i, 
length  and  breadth  often  nearly  equal;  hinge  line  equaling  or 
greater  than  the  width  of  the  shell  below,  abruptly  contracted  be- 
neath the  extremities,  which  are  often  auriculate;  in  some  specimens 
the  sides  are  nearly  straight,  and  parellel  for  more  than  half  the 
length  of  the  shell.  Ventral  valve  regularly  convex,  often  gibbous; 
greatest  elevation  nearly  central,  and  sometimes  subangulated  along 
the  middle;  umbo  small  and  prominent  with  the  apex  slightly  in- 
curved and  extending  beyond  the  plane  of  the  area.  Surface  a  little 
concave  toward  the  cardinal  angles  which  are  slightly  deflected. 
Dorsal  valve  moderately  concave,  rarely  following  the  convexity  of 
the  opposite  valve;  sometimes  an  undefined  median  depression  ex- 
tends from  beneath  the  apex  to  the  front  of  the  shell.  Area  of 
ventral  valve  variable,  usually  of  moderate  width,  from  8/100  to 
12/100  of  an  inch  wide  in  the  center,  having  a  low  triangular  outline, 
concave  in  the  middle,  and  for  a  considerable  distance  on  each  side  of 
the  beak,  strongly  striated  transversely  and  more  faintly  longitud- 
inally, sometimes  marked  along  the  middle  by  a  subangular  eleva- 
tion; inner  margin  crenulated  for  nearly  its  entire  length.  There  is 
no  foramen  but  sometimes  a  smooth  triangular  space  beneath  the 
beak.    Dorsal  area  narrow  and  usually  linear,  sometimes  wider  ami 
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sometimes  narrower  in  the  middle^  and  the  margin  for  a  short  space 
free  from  crenulations.  The  planes  of  the  two  areas  are  inclined  so 
as  to  sometimes  give  less  than  a  right  angle  between  them,  but  gen- 
erally a  greater  angle,  and  along  the  middle  the  two  are  often 
nearly  in  the  same  plane.  Surface  marked  by  numerous  crowded 
striae,  about  nine  or  ten  of  which  are  much  stronger  and  more  ele- 
vated on  the  umbo  of  the  ventral  valve,  with  finer  ones  coining  in  be- 
tween and  on  either  side;  striae  frequently  increasing  by  intercala- 
tion and  bifurcation,  until  they  become  very  numerous  and  much 
finer  at  the  margin.  On  the  dorsal  valve  the  striae  are  similar  to 
those  on  the  ventral  valve.  In  well  preserved  specimens  fine  con- 
centric striae  cover  the  entire  surface,  but  the  greater  number  of 
specimens  do  not  preserve  these  markings.  The  coarser  striae  are 
sometimes  seen  separated  on  the  middle  of  the  shell,  each  one  pre- 
senting the  appearance  of  a  fascicle  of  striae,  which  spreading,  cover 
the  lower  part  of  the  shell  with  extremely  crowded  striae.  The  in- 
terior of  the  ventral  valve  and  casts  of  the  same  show  a  large  flabel- 
liform  divaricator  muscular  impression,  which  is  somewhat  widely 
separated  in  front,  and  each  division  distinctly  lobed.  The  occlusor 
muscular  impressions  occupy  a  semielliptical  space  on  each  side  of 
a  narrow  central  depression,  the  marking  on  either  side  being  double 
in  well  preserved  specimens.  The  upper  extremities  of  this  impres- 
sion are  close  under  the  arch  of  the  umbo,  and  separated  by  a  smooth 
space  from  the  divaricator  impressions.  Beyond  the  muscular  im- 
pressions the  interior  surface  is  pustulose,  the  points  being  more 
prominent  just  without  their  limits;  beyond  which  the  course  of 
the  vascular  impressions  can  be  distinctly  traced.  In  the  dorsal  valve 
the  anterior  and  posterior  occlusor  muscular  impressions  are  very 
conspicuous  and  deeply  marked  and  often  limited  by  an  elevated 
ridge,  a  narrow  longitudinal  ridge  dividing  the  two  pairs.  On  each 
side  and  below  the  muscular  impressions  the  surface  is  marked  by 
small  pustules  or  tubercles;  and  beyond  these  the  surface  is  minutely 
pustulose,  the  muscular  impressions  becoming  distinct  toward  the 
margin.  The  cardinal  process  is  divided  from  the  base,  the  divisions 
strongly  diverging.'* 

The  specimens  at  hand  vary  considerably  in  the  convexity  of  the 
dorsal  valve;  in  some  specimens  it  is  deeply  arched  while  in  others 
it  is  nearly  flat.  Three  types  of  surface  markings  which  merge  into 
each  other  in  a  large  collection  are  distinguishable  in  this  species; 
shells  with  not  very  coarse  striae  which  are  of  uniform  size  from  the 
beaks  to  the  margin;  shells  with  very  coarse  striae  near  the  beaks, 
each  of  which  splits  into  a  bundle  of  fine  striae  toward  the  middle 
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of  the  shell;  and  shells  with  a  few  coarse  and  sometimes  very  indis- 
tinct striae  near  the  beaks  which  fade  out  before  reaching  the  middle 
of  the  shell,  leaving  the  greater  part  of  the  shell  entirely  bare  of 
striae,  or  marked  by  very  faint  striae. 

This  is  one  of  the  most  abundant  species  in  the  Indiana  Devonian. 

Formation  and  locality, 

Sellerftburg  beds  and  Jefferson ville  limestdne;  throughout  the  De- 
vonian area, 

Stropheodonta  plioata  Hall. 

PI.  VI,  fig.  2. 

S.  pUcata  Hall,  13th  Bep.  N.  Y.  State  Cab.  Nat.  Hist.,  1860,  p.  90. 

The  character  of  this  shell  is  sufficiently  indicated  by  the  figures. 
It  seems  to  differ  from  S.  dimissa  only  in  the  stronger  plications.  It 
should  probably  be  considered  a  well  marked  variety  of  that  species. 

Formation  and  locality. 
Jeffersonville  limestone;  Falls  of  the  Ohio. 

Stropheodonta  perplana  (Conrad). 

PI.  V,flgi.3-7. 

S.  perplana  Hall,  Pal.  N.  Y.,  1867,  Vol.  IV,  pp.  92-98,  PI.  11,  fig. 
22;  PI.  12,  figs.  13^15;  PI.  17,  fig.  1. 

HaWs  description,  in  part. — "Shell  semielliptical;  the  length  vary- 
ing from  two-thirds  to  three-fourths  the  width,  which  is  from  half  an 
inch  to  two  inches;  slightly  concavo-convex,  and  often  nearly  fiat; 
hinge  line  equaling  or  often  a  little  greater  than  the  width  of  the 
shell  below;  but  the  sides  are  frequently  nearly  straight  for  half  their 
length,  and  the  front  broadly  rounded  with  thf  i^^argin  attenuate. 
Ventral  valve  very  little  convex,  the  greatest  convexity  above  the 
middle  of  its  length,  with  frequently  a  few  obscure  concentric 
wrinkles  near  the  apex  and  sometimes  upon  the  body  ai  the  shell; 
apex  scarcely  rising  above  the  hinge  line,  and  slightly  incurved. 
Dorsal  valve  gently  concave  and  often  nearly  flat.  Area  of  the 
ventral  valve  usually  less  than  a  line  in  width,  inclined  to  an  angle  of 
40  degrees  to  50  degrees  to  the  plane  of  the  margins  and  curved  in 
the  upper  part,  vertically  striated  in  its  whole  extent  and  crenulate 
on  the  inner  margin;  sometimes  a  fiat  triangular  space  in  place  of  a 
foramen,  with  a  narrow  callosity  in  the  middle,  but  this  feature  is 
not  always  observable.  Area  of  the  dorsal  valve  about  half  as  wide 
as  that  of  the  ventral,  gently  curved  outward,  leaving  an  angle 
between  the  two  of  more  than  90  degrees;  the  center  is  marked  by  a 
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narrow  callosity  or  an  impressed  space.  Surface  covered  by  fine 
snbequal  striae,  those  of  the  ventral  valve  being  the  finer,  extremely 
sharp  and  often  gently  imdnlating,  increasing  both  by  bifurcation 
and  intercalation  and  crossed  by  fine  even  concentric  striae.  In  some 
specimens  the  longitudinal  striae  rise  at  frequent  intervals  into  mi- 
nute granules,  evidently  the  bases  of  minute  spines,  which  have  cov- 
ered the  surface  of  the  ventral  valve.  Very  rarely  ttiere  is  some 
interruption  in  the  regularity  of  the  striae,  apparently  owing  to  an 
injury  which  has  caused  the  concentric  striae  to  curve  toward  that 
point,  and  the  radiating  striae  to  converge,  making  a  kind  of  seam 
or  cicatrix/' 

The  common  form  of  this  species  corresponds  to  the  above  de- 
scription. There  is  a  variety  of  the  species,  however,  which  has  the 
striae  arranged  in  fascicles  of  from  three  to  six  fine  ones  between 
stronger  and  more  elevated  striae. 

This  is  a  common  species  in  northern  and  southern  Indiana. 

F9rmation  and  locality, 

Sellersburg  beds  and  Jefifersonville  limestone;  Little  Rock  Creek, 
Cass  County  and  from  Shelby  County  to  the  Ohio  in  southern  In- 
diana. ^ 

Stropheodonta  coneava  Hall. 

Pl.V,fif8.1,la.2;  Pl.VI.flf.l. 

S.  coneava  Hall,  Pal.  N.  Y.,  Vol.  IV,  1867,  p.  96,  PI.  16,  figs,  la-lh. 

HalVs  description, — "Shell  large,  from  two  to  three  and  a  half 
inches  wide  on  the  hinge  line,  concavo-convex  or  subbemispheric^ 
broadly  semielliptical  or  subcircular,  sometimes  subtriangular  from 
becoming  narrowed  in  front.  The  proportions  vary  from  nearly 
equal  length  and  breadth  to  a  width  one-fourth  to  one-third  greater. 
The  hinge  extremities  salient,  but  often  rounded.  Ventral  valve 
varying  from  moderately  to  extremely  convex,  and  becoming  gibbous 
in  the  middle,  rounded  upon  the  umbo  and  little  elevated  above  the 
hinge  line,  with  beak  small  and  scarcely  incurved  in  some  specimens, 
the  centre  of  the  valve  is  elevated  in  a  median  ridge.  Dorsal  valve 
usually  almost  flat  or  slightly  concave  in  the  upper  and  central  por- 
tions, becoming  suddenly  deflected  toward  the  margin;  in  some  speci- 
mens regularly  concave.  Area  of  the  ventral  valve  nearly  on  a 
plane  with  the  axis  of  the  shell  about  a  line  in  width,  narrowing 
toward  the  extremities,  vertically  striated  with  the  margin  crenulated 
for  more  than  half  the  distance  from  the  center  to  the  extremities. 
Area  of  the  dorsal  valve  almost  rectangular  to  that  of  the  ventral 
valve,  very  narrow  and  nearly  linear  throughout;  sometimes  narrower 
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in  the  middle  striate  and  crennlate  in  the  opposite  valve;  with  a 
small  smooth  triangular  space  beneath  the  apex.  The  surface  of 
the  ventral  valve  is  marked  by  sharply  elevated,  strongly  erenulated 
striae,  between  which  are  sometimes  one  or  two  less  elevated 
striae  similarly  erenulated  and  still  finer  striae  between  the  latter. 
In  other  specimens  there  are  wider  spaces  of  finer  equal  striae  be- 
tween the  stronger  ones;  and  in  still  other  examples,  the  striae  are 
nearly  all  strong  and  sharply  elevated,  with  few  finer  ones,  which 
soon  rise  to  the  strength  of  the  others.  Close  undulating  concentric 
striae  cover  the  whole  surface.  The  dorsal  valve  is  marked  by  dis- 
tant sharp  elevated  striae,  between  which  there  are  from  three  to 
six  and  rarely  ten  finer  striae,  which  are  very  finely  erenulated  by 
concentric  striae.  In  some  specimens  the  ventral  valve  is  marked 
by  an  irregular  fold  or  ridge  down  the  middle,  and  there  are  some- 
times a  few  incipient  plications  on  one  or  both  sides  towards  the 
margin  of  the  shell.  These  plications  likewise  affect  the  dorsal 
valve.  The  interior  of  the  valves  is  finely  pustulose.  The  divaricator 
muscular  impressions  of  the  ventral  valve  are  large  and  spreading, 
about  as  wide  as  long,  extending  nearly  half  the  length  of  the  valve 
and  deeply  striate;  while  the  occlusor  impressions  are  elongate-ovate 
or  cordif  orm  and  strongly  marked.  The  muscular  impressions  of  the 
dorsal  valve  are  strong  and  divided  above  by  a  rounded  ridge  which 
supports  the  strong  bifurcate  cardinal  process,  each  division  of  which 
is  bilobed,  and  the  surface  roughened  for  the  muscular  attachment." 

The  large  size  of  this  shell  readily  distinguishes  mature  specimens 
^rom  any  other  species  of  the  genus.  Each  of  the  three  specimens 
from  near  Pipe  Creek  Falls  exceeds  three  inches  in  width.  One  of 
these  measures  in  the  widest  part  3f  inches  and  2J  inches  in  length. 
Many  mature  shells,  however,  do  not  reach  this  size. 

This  species  is  rather  common. 

Formation  and  locality, 

Sellersburg  beds  and  Jeffersonville  limestone;  Pipe  Creek  Palls, 
Little  Rock  Creek,  Cass  County,  Charlestown,  Sellersburg  and  Falls 
of  the  Ohio. 

Stropheodanta  hemisphertca  Hall. 

There  seems  to  be  no  clearly  defined  difference  between  S,  concava 
and  S,  hemispherica  as  defined  by  Hall.  The  specimens  heretofore 
referred  by  the  writer*  to  the  latter  species  are  probably  varieties  of 
S,  concava. 


i 


*  Ball.  Am.  Pal.,  No.  12,  p.  68. 
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Stropheodonta  inequutriata  (Conrad). 

PI.  IV,  figs.  12, 13. 

S.  inequistriata  Hall,  Pal.  N.  Y.,  1867,  Vol.  IV,  p.  106,  PI.  12, 
figs.  6-8;  PI.  18,  fig.  2. 

HalVs  description. — "Shell  semioval  or  semicircular  in  outline; 
hinge  line  extended  beyond  the  width  of  the  shell  below;  extremities 
acute,  sometimes  auriculate.  Rarely  the  sides  are  nearly  straight 
below  the  auriculate  extremities,  and  the  basal  curve  rather  straight- 
ened on  each  side  and  produced  in  a  subnasute  extension  in  the  mid- 
dle. Ventral  valve  usually  convex  and  often  gibbous  in  the  middle 
and  abruptly  arched  toward  the  hinge  line,  depressed-convex  on  the 
disc  the  margin  toward  the  front  more  abruptly  curving;  sometimes 
gently  sloping  towards  the  front  and  abruptly  constricted  on  the 
sides  below  the  cardinal  extremities,  which  are  deflected  toward  the 
ventral  side;  the  beak  is  small  scarcely  prominent  on  the  hinge  line. 
Dorsal  valve  moderately  concave,  often  more  deeply  concave;  some- 
times moderately  concave  in  the  upper  and  middle  part,  and  sud- 
denly deflected  toward  the  front.  Area  of  the  ventral  valve  narrow 
linear,  extending  to  the  extremities  of  the  hinge  line,  striate  verti- 
cally, with  the  inner  margins  crenulate  from  one-half  to  two-thirds 
the  length  from  the  beak  to  the  extremities;  foramen  none;  a  slight 
linear  elevation  extends  across  the  area.  Dorsal  area  scarcely  more 
than  half  as  wide  as  the  ventral  area,  and,  in  every  perfect  specimen 
having  a  narrow  elevated  ridge  crossing  it  in  continuation  of  that  of 
the  opposite  valve.  Surface  of  the  entire  shell  marked  by  slender 
elevated  striae,  which  are  increased  by  interstitial  additions;  the 
interspaces  oc(!upied  by  much  finer  closely  arranged  striae,  which  are 
scarcely  visible  to  the  naked  eye,  and  crossed  by  fine  concentric 
striae.  In  the  interior  of  the  ventral  valve,  the  occlusor  muscular 
impressions  occupy  a  narrow  subquadrangular  elevated  space  just 
beneath  the  apex;  w^hile  the  divaricator  muscular  imprints  occupy  a 
short  broad  space  on  each  side  and  are  limited  by  nearly  vertical  or 
slightly  converging  ridges  which  have  in  some  degree  the  appearance 
of  dental  lamellae;  within  the  limits  of  these  ridges  the  muscular 
imprints  are  not  strongly  marked.  In  the  dorsal  valve  the  posterior 
occlusor  imprints  are  broad  and  extending  far  toward  the  cardinal 
line  and  often  limited  by  a  low  pustulose  ridge;  the  anterior  impres- 
sions are  small  and  narrow,  separated  by  a  narrow  mesial  ridge  and 
margined  by  diverging  elevated  ridges,  which  above  the  impression 
are  united  in  the  mesial  ridge  from  which  proceeds  the  bifurcating 
cardinal  process;  the  divisions  of  this  process  are  broad  and  some- 
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what  flattened  vertically  or  a  little  obliquely  and  sometimes  grooved 
on  the  inner  side  and  distinctly  bilobate  at  the  cardinal  extremities. 
The  condition  of  the  muscular  imprints  is  subject  to  considerable 
variation;  for  in  some  specimens  those  of  the  interior  occlusors  are 
raised  in  two  prominent  processes  to  a  height  greater  than  the  en- 
closing ridges,  and  sometimes  the  imprints  remain  depressed,  and 
the  enclosing  ridges  are  extremely  elevated,  arching  over  and  nearly 
enclosing  the  muscular  area.  Just  without  the  muscular  areas,  in 
both  valves,  the  interior  surface  is  rather  strongly  pustulose  and 
beyond  this  it  is  finely  pustulose  in  lines  corresponding  to  the  ex- 
ternal striae;  while  the  dorsal  valve  more  often  than  the  ventral,  is 
marked  by  strong  vascular  impressions." 

Most  of  the  specimens  of  this  species  have  the  ventral  valve  highly 
arched.  Those  from  northern  Indiana  seldom  exceed  three-quarters 
of  an  inch  in  width.  Sharp  elevated  striae  with  interspaces  contain- 
ing from  six  to  fifteen  very  fine  striae  mark  the  surface  of  both 
valves. 

This  is  a  common  species  in  northern  Indiana  but  less  common  in 
southern  Indiana. 

Formation  and  locality. 

Sellersburg  beds  and  Jeffersonville  limestone;  Bunker  Hill,  Pipe 
Creek  P'alls,  Charlestown  and  Falls  of  the  Ohio. 

BHIPIDOMELLA. 

A.     Beak  of  ventral  valve  extending  beyond  the  beak  of  dorsal  valve  ;  dorsal 
valve  usually  without  sinus.  R.  livia, 

A  A.     Beak  of  ventral  valve  not  extending  beyond  the  beak  of  dorsal  valve,  or 
but  slightly. 

b.     Shell  narrow  toward  the  beaks,  Hides  sloping  from   them  in  nearly 

straight  lines  to  near  the   middle  of   shell;    dorsal  valve   very 

gibbous.  R.  leucnsia. 

bb.     Shell  wide  toward  the  front   sidles  near  the  beaks  rounded,  dorsal 

valve  slightly  gibbous.  R.  tKinvxemu 

Khipidomella  vanuxemi  Hall. 

PI.  Ill,  fig.  14;  PI.  IV,  fifTS.  1,  la,  2.3, 3a. 

0.  vanuxemi  Hall,  Pal.  N.  Y.,  1867,  Vol.  IV,  p.  47,  PI.  5,  fig.  (>; 
Pi.  G,  fig.  3. 

llalVs  ilfscriplioti. — *\Shel]  subcireular  or  transversely  suboval 
f:oni])resso(l;  hinge  line  very  short;  margins  of  the  valves  cronulated 
within  from  the  external  striae;  interior  minutely  punctate.  Dorsal 
valve  convex;  beak  scarcely  distinct  from  the  cardinal  border,  not 
incurved;  cardinal  process  prominent;  area  flat  or  slightly  inclined 
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to  the  ventral  area  and  about  two-thirds  as  wide.  Ventral  valve 
nearly  flat  or  a  little  concave  toward  the  front,  moderately  convex  in 
the  umbonal  region;  beak  small,  extending  little  beyond  the  opposite 
beak,  arched  and  rarely  incurved  over  the  area;  area  very  small, 
less  than  half  the  greatest  breadth  of  the  shell,  arcuate;  foramen 
comparatively  large,  triangular,  and  partly  filled  by  the  cardinal 
process  of  the  other  valve;  teeth  prominent.  Surface  marked  by 
fine,  closely  arranged  radiating  tubular  striae,  which  are  perforate 
at  intervals,  increasing  both  by  implantation  and  bifurcation,  and 
are  crossed  by  very  fine  indistinct  concentric  striae,  and,  at  greater 
intervals,  by  more  distinct  concentric  imbricating  lines  of  growth; 
entire  surface  granulate  or  punctate,  under  a  magnifier.  Striae  from 
twelve  to  sixteen  in  the  space  of  two  lines  near  the  beak,  and  from 
seven  to  nine  in  the  same  interval  near  the  margin.  The  interior 
of  the  dorsal  valve  shows  a  strong  cardinal  process,  which  is  con- 
tinued in  a  prominent  rounded  median  ridge  for  half  the  length  of 
the  shell,  where  it  sometimes  divides,  or  gradually  becomes  obsolete; 
there  are  sometimes  visible  low  transverse  ridges  which  divide  the 
muscular  impression.  The  crural  processes  arc  prominent  and  sus- 
tained below  by  strong  oblique  ridges.  In  the  interior  of  young 
specimens,  the  marks  of  the  external  striae  visible  nearly  or  quite 
to  the  muscular  impressions;  while  in  older  specimens  these  marks 
extend  little  beyond  the  margin.  The  interior  of  the  ventral  valve 
is  marked  by  a  large  flabelliform  muscular  impression  which  reaches 
from  one-half  to  two-thirds  the  length  of  the  shell.  The  central  or 
adductor  inii)ression  is  sometimes  simple  and  sometimes  longitudi- 
nally divided  by  a  slight  median  ridge  which  is  stronger  below.  In 
the  older  shells  the  ovarian  spaces  are  pustulose.  The  dental 
lamellae  are  strong  and  divergent,  supj)orted  below  by  the  ridge 
which  margins  the  muscular  impression.  Avascular  impressions  are 
rarely  seen  extending  beyond  the  muscular  area.  Under  a  lens  the 
interior  surface  is  distinctly  punctate.  In  all  well  preserved  speci- 
mens the  exterior  shows  minute  tubular  openings  in  the  striae;  and 
when  the  striae  are  much  worn,  these  also  arc  seen  to  be  tubular; 
while  a  farther  wearing  of  the  surface  shows  more  distinctly  the 
minutely  punctiite  character  of  the  shell.'' 

This  species  is  very  abundant  at  many  localities.  The  specimens 
correspond  closely  to  the  above  description. 

Formation  and  locality. 

Sellersburg  beds  and  Jeflfersonville  limestone;  Bunker  Hill,  Little 
Rock  Creek,  Cass  County,  North  Vernon,  Charlestown,  Ivcxington 
and  Falls  of  the  Ohio.  '    -    . 
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Rhipidomella  leticasia  Hall. 

Pl.III,fiir8.12,l3.13a. 

Orthis  leueosia  Hall,  Pal.  N.  Y.,  IV,  18G7,  pp.  48,  63,  PI.  7,  fig.  4; 
ri.  8,  figs.  9,  10. 

This  species  is  so  closely  related  to  R.  vamixemi  that  it  is,  as  sug- 
gested by  Hall,  probably  only  a  variety  of  that  species.  A  few  speci- 
mens in  Mr.  Green's  collection  correspond  to  the  description  and 
figure  of  R.  leu<:nsia.  They  differ  from  R.  vanuxemi  in  their  more 
ovate  form,  more  gibbous  dorsal  valve  and  in  the  less  rounded  ex- 
tremities of  the  cardinal  line;  the  margin  of  the  shell  from  the  beak 
to  near  the  middle  forms  a  nearly  straight  line.  In,  two  specimens 
the  length  and  greatest  breadth  of  the  shell  are  equal;  in  the  others 
the  width  exceeds  the  length  very  slightly.    This  species  is  rare. 

Formation  and  locality. 

Sellersburg  beds;  Charlcstown. 

RhipodomeUa  livia  (Billings?). 

PI.  IV,  fig.  4. 

Orthis  livia  Billings,  (/an.  Journ.  of  Industry,  Sci.  and  Art,  No.  27, 

p.  269,  1860. 

Billings'  original  description. — **Shell  suborbicuhir  or  subquad- 
rato,  longtli  about  oight-ninths  of  the  width;  greatest  width  usually 

a  little  in  front  of  the  middle;  length  of  hinge  line  one-half  to  two- 
thirds  the  width  of  the  shell;  cardinal  extremities  rounded;  sides  in 
most  specimens  somewhat  straight,  often  suflieiently  curved  to  give 
a  circular  aspec^t  to  the  shell;  front  angles  obtusely  rounded,  front 
nuirgin  in  general  broadly  e(mvex,  sometimes,  in  a  small  central  por- 
tion nearly  straight.  Dorsal  valve  of  medium  convexity,  most  ele- 
vated about  the  middle;  the  outline  forming  an  uniform  arch  from 
depressed  beak  to  front  niar;rin;  slope  from  umbo  to  cardinal  angles 
gently  concave;  sonu^times  a  barely  perceptible  nu'sial  depression, 
conuneneing  on  a  point  at  the  beak,  and  becoming  obsolete  at  one- 
half  or  two-thirds  the  length;  area  small,  lying  in  the  plane  of  the 
lateral  margins;  beak  minute,  forming  a  small  triangular  projection 
rising  scarcely  one-fourth  of  a  line  above  the  edge  of  the  area. 
Ventral  valve  moderatelv  convex,  most  elevated  at  between  one- 
fourth  and  one-third  the  length  from  the  beak,  thence  deseending 
with  a  flat  or  gently  concave  slope  to  the  lateral  margins,  with  a  some- 
what concave  one  to  the  front,  and  also  to  the  hinge  line  and  cardinal 
angles.     The  concavity  toward  the  front  is  not  found  in  all  speci- 
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mens;  some  shells  have  basal  portions  either  flat  or  slightly  convex. 
The  ventral  umbo  is  small  and  neatly  defined;  beak  small  pointed 
and  somewhat  incurved,  but  scarcely  overhanging  edge  of  the  area; 
area  triangular  and  somewhat  larger  than  the  dorsal  one.  Foramen 
not  observed.  Surface  covered  with  small  subangular  radiating 
ridges  or  striae  of  nearly  uniform  size,  from  eight  to  ten  in  the  width 
of  three  lines,  increasing  by  bifurcation,  strongly  curved  outward  on 
the  lateral  part  of  shell;  the  interspaces  subangular  and  equal  in 
size  with  the  striae.  In  perfect  specimens  very  fine  concentric  sub- 
lamellose  striae  are  visible,  seven  ar  eight  to  one  line.  In  certain 
conditions  of  preservation,  also,  the  radiating  striae  are  seen  to  be 
subtubular,  and  exhibit  numerous  small  oval  or  circular  openings 
on  their  edges,  each  about  the  eighth  or  tenth  of  a  line  in  width 
and  from  one-fourth  to  two- thirds  of  a  line  distant  from  each  other." 
A  specimen  in  the  State  Museum  which  is  here  figured,  is  doubt- 
fully referred  to  this  species. 

Formation  and  locality. 

Sellersburg  beds;  Clark  County. 

Rhipidomella  goodwini  Nettlerotli. 

K.  goodwini  Nett.,  Ky.  Foss.  Shells,  1889,  p.  39,  PI.  IT,  figs.  30-31. 

Nettleroth's  original  description. — **Shell  small,  subcireular  or  sub- 
quadrate;  moderately  convex  in  both  valves;  hinge  line  short,  equal 
or  less  than  half  the  width  of  the  shell;  cardinal  extremities  rounded; 
lateral  margins  almost  straight  or  very  slightly  curved;  they  diverge 
toward  the  base  in  consequence  of  which  greatest  width  of  shell  is 
close  to  base  or  front;  the  basal  margin  is  broadly  curved,  with  its 
central  portion  either  straight  or  slightly  inflected.  Ventral  valve 
is  somewhat  more  convex  in  its  umbonal  region  than  dorsal,  but  in 
its  basal  half  it  is  the  reverse.  Its  greatest  convexity  is  just  below 
the  umbo,  from  wliere  it  slopes  in  a  very  gentle  curve  to  lateral  and 
basal  margins,  but  more  rapidly,  even  almost  abruptly  to  the  cardinal 
lines;  umbo  moderate,  beak  a  little  elevated  above  opposite  valve, 
sharp  pointed  and  slightly  arched,  but  not  incurved.  Cardinal  area 
short  but  comparatively  high,  limited  by  sharp  margins  and  divided 
by  an  open  triangular  foramen,  which  is  partly  closed  at  its  base  by 
the  cardinal  process  of  the  dorsal  valve.  Dorsal  valve  moderately 
convex;  point  of  greatest  convexity  a  little  above  middle  of  valve, 
from  where  it  slopes  to  all  the  margins  and  to  the  beak,  giving  the 
valve  over  its  whole  surface  an  even  convexity,  with  the  exception  of 
a  narrow  strip  in  the  middle,  which  extends  from  beak  to  base,  and 

40-G«ol. 
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which  is  slightly  depressed.  This  mesial  depression  is  deepest  in  its 
middle  portion;  it  is  only  faintly  marked  upon  the  umbo,  and  it  be- 
comes shallower  but  wider  toward  the  base.  The  surface  of  both 
valves  is  ornamented  by  fine  thread-like  radiating  striae  which  in- 
crease in  number,  partly  by  bifurcation,  but  mostly  by  intercalation; 
these  radii  are  crossed  by  several  concentric  lines  of  growth,  which 
become  more  numerous  toward  the  basal  margin.  In  regard  to  size 
the  specimen  illustrated  on  plate  17,  figures  30,  31  and  32,  is  of  about 
the  average  size,  though  a  few  specimens  have  been  found  which  arc 
considerably  larger.*^ 

The  specimen  figured  by  Nettleroth  is  a  half  inch  in  width. 

The  above  description  agrees  perfectly  with  shells  which  the  writer 
considers  to  be  immature  specimens  of  R.  vanuxemi.  It  seems  prob- 
able that  Mr.  Nettleroth's  species  is  based  on  young  specimens  of 
R.  vanuxemi.  '  i 

Formation  and  locality. 

"Hamilton";  Falls  of  the  Ohio. 

Sckizophoria  striatida  (Schlotheim). 

PI.III.fig8.11»lla. 

Orthis  impressa  Hall,  Pal.  N.  Y.,  1867,  Vol.  IV,  p.  60,  PI.  8, 
figs.  11-19. 

HalVs  description, — **Sholl  rotund.  Dorsal  valve  very  gibbous, 
wider  than  long,  sinuate  in  front;  liingo  line  about  two-thirds  the 
width  of  the  shell.  Ventral  valve  niodoratelv  convex  at  the  sides, 
somewhat  flattened  on  the  umbo,  with  a  broad  undefined  sinus  which 
becomes  deeper  toward  the  front,  the  margin  of  the  shell  being  some- 
times abruptly  incurved  at  the  beak.  The  surface  is  finely  and  evenly 
striated  and  the  texture  of  the  shell  is  minutely  punctate.  Hie  cast 
of  the  dorsal  valve  shows  strong,  somewhat  quadrilobate,  muscular 
impressions,  limited  by  strong  and  widely  diverging  socket  plates, 
with  the  vascular  impressions  somewhat  narrow  and  extending  below 
it  to  the  margin  of  the  shell.  The  surface  of  the  cast  preserves  fine 
even  striae.     '^Plie  cast  of  the  ventral  valve  is  broadly  sinuate  in  the 

ft 

middle  below  with  a  triangular  or  subovate  deeply  bilobed  muscular 
impression,  which  is  subject  to  considerable  variation  In  form  and 
proportions." 

This  shell  is  frequently  found  associated  with  Rhipidomplla  van- 
uxemi but  is  very  much  less  conmion  than  that  species. 

Formation  and  locality. 

Sellersburg  beds  and  Jeffersonville  limestone;  Lexington,  Paris 
Crossing,  Lancaster,  Sellersburg,  Charlestown  and  Falls  of  the  Ohio. 
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MABTINIA. 

A.     Anterior  margin  of  ehell  crenulated  by  weak  plications. 

•  M.  vntliamai  n.  sp. 

A  A.     Anterior  margin  not  crenulated,  surface  without  plications. 

M.  8ubumb(ma, 
Martinia  wilUamfd  n.  sp. 

PI.  XI,  figs.  5, 5a,  5b. 

Shell  small;  length  greater  than  width,  cardinal  angles  rounded, 
rather  vcntrioose  toward  the  middle;  hinge  line  very  short,  length  of 
cardinal  area  exceeding  its  height  about  one-half.  Ventral  valve 
more  gibbous  than  dorsal,  beak  slightly  incurved  over  the  high  fis- 
sure; marked  toward  the  front  by  a  very  shallow  sinus  which  is  barely 
perceptible  in  most  specimens.  Two  or  three  weak  plications  crenu- 
late  the  margin  of  the  shell  on  each  side  of  the  sinus;  surface  marked 
by  fine  concentric  striae.  Dorsal  valve  marked  by  a  broad,  poorly 
defined  fold  towards  the  front,  with  two  or  three  faint  plications  on 
each  side  near  the  anterior  margin.  Fine  concentric  striae  cover  the 
surface.  A  slight  linguiform  projection  usually  characterizes  the  an- 
terior margin  of  the  shell. 

This  species  is  rather  common  where  discovered  but  it  has  not 
been  found  at  any  other  locality. 

Formation  and  locality, 
Geneva  limestone;  Hope. 

Martinia  8ubumba7ia  (Hall). 

PI.  XI,  figs.  3, 3a. 

Spirifer  subumbona  Hall,  Pal.  N.  Y.,  1867,  Vol.  IV,  p.  234,  PI.  23, 
figs.  22-30. 

HaWs  description, — "Shell  small,  more  or  less  gibbous  or  ventri- 
cose;  cardinal  extremities  rounded;  surface  smooth  or  finely  striated 
concentrically.  Ventral  valve  ventricose  in  the  middle,  regulariy 
curving  toward  the  basal  and  lateral  margins;  umbo  much  elevated 
above  the  opposite  valve,  and  beak  abruptly  incurved  over  the  high 
area,  which  has  its  lateral  margins  rounded  or  rarely  defined,  and 
sloping  toward  but  not  reaching  the  cardinal  extremities;  more  or 
less  arcuate,  and  the  elevation  apparently  variable.  The  foramen  is 
higher  than  wide  and  open  to  the  apex  in  all  the  specimens  observed. 
There  is  usually  a  narrow  but  not  always  distinct  mesial  sinus  reach- 
ing from  the  apex  to  the  base  of  the  valve,  where  it  becomes  wider 
hut  without  defined  limits.  Dorsal  valve  less  gibbous  than  the  ven- 
tral, somewhat  regularly  convex  in  the  middle,  and  curving  toward 
the  front  and  base-lateral  margins,  a  little  depressed  or  flattened 
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towards  the  abruptly  rounded  cardinal  extremities;  umbo  slightly 
elevated  above  the  hinge  line;  area  linear.  There  is  often  a  faint  im- 
pressed line  extending  from  the  beak  to  the  base  of  the  valve.  Sur- 
face marked  by  fine  concentric  lines  of  growth  which  are  sometimes 
crowded  into  imbricating  folds  toward  the  front  of  the  shell.  In 
partially  exfoliated  specimens  the  surface  is  finely  and  distinctly 
punctated,  as  if  in  its  original  condition  it  had  been  covered  by 
closely  arranged  spinules.  The  texture  of  the  shell  is  fibrous  yet 
differing  from  the  fibrous  texture  of  ordinary  Spirifers." 

All  of  the  specimens  referred  to  this  species  are  from  a  single 
locality  where  they  are  very  abundant.  They  differ  from  Hall's  fig- 
ures in  having  the  beak  of  the  ventral  valve  more  sharply  incurved 
over  the  area.  In  some  specimens  it  almost  or  quite  touches  the 
beak  of  the  dorsal  valve,  and  the  area  is  very  narrow.  The  ventral 
sinus  mentioned  by  Hall  is  noticeable  only  on  one  or  two  specimens, 
where  it  is  represented  by  the  faintest  kind  of  a  depression.  Aver- 
age specimens  measure  §  of  an  inch  in  width;  one  specimen  has  a 
width  of  J  inch.  The  shells  have  the  length  and  the  greatest  width 
equal. 

This  shell  resembles  in  some  respects  Ambocaelia  umhonata.  It  is, 
however,  about  twice  the  size  ordinarily  attained  by  A.  umhonata  in 
southern  Indiana;  the  dorsal  valve  is  much  more  concave  than  in 
that  species,  and  the  boak  of  the  ventral  valve  less  elevated;  it  is 
usually  incurved  until  it  lies  in  the  plane  marking  the  contact  of  the 
two  valves. 

Formation  and  locality, 

S<*llersburg  beds;  Little  Rook  Creek,  Cass  County. 

Nucleospira  C07icinna  Hall. 
PI.  XI,  fig.  7. 

N.  concinna  Hall,  Pal.  N.  Y.,  1867,  Vol.  TV,  p.  279,  VI  45,  figs. 
33-57. 

IlalVs  description. — "Shell  depressed,  subspheroidal,  nearly  circu- 
lar in  outline,  the  width  being  usually  a  little  greater  than  the 
length:  valves  subequal.  Ventral  valve  regularly  convex,  the  greatest 
convexity  a  little  above  the  middle,  and  curving  regularly  to  the 
sides  and  front;  umbo  prominent,  the  beak  neatly  pointed  and  in- 
curved over  the  apex  of  the  dorsal  valve,  leaving  a  space  between, 
whicrh  sometimes  exposes  a  narrow  area.  There  is  usually  a  narrow 
depressed  line  from  the  beak  to  the  base  of  the  valve;  but  this  is 
sometimes  partially  absent,  or  so  faint  as  not  to  be  readily  observed. 
Dorsal  valve  regularly  convex  sometimes  gibbous,  becoming  a  little 
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depressed  towards  the  base,  the  greatest  convexity  being  a  little 
above  the  center;  there  is  usually  a  depressed  line  along  the  middle 
of  the  valve.  The  hinge  line  is  alJout  one-third,  and  sometimes  half 
as  long  as  the  width  of  the  shell.  Surface  usually  smooth  or  very 
finely  papillose;  but  in  its  perfect  condition  it  is  covered  by  numer- 
ous fine  setae  which  are  matted  together  and  the  interstices  being 
filled  with  clay,  it  has  a  rough  appearance;  while  under  a  lens,  these 
setae  give  a  finely  striate  aspect.  Beneath  the  fine  papillose  surface 
the  texture  of  the  shell  is  minutely  punctate.  The  interior  of  the 
ventral  valve  presents  beneath  the  beak  a  low  depressed  area,  or 
false  area  which  is  bordered  on  each  side  by  a  strong  tooth.  The 
muscular  area  is  somewhat  broad,  flabelliform,  with  the  margin 
lobed;  the  occlusor  imprints  in  the  center  are  strongly  marked  elon- 
gate oval  spots,  arid  there  is  a  low  median  crest  which  often  extends 
to  near  the  front  of  the  shell.  In  the  dorsal  valve  there  is  a  strong 
wide  cardinal  process,  the  inner  surface  of  which  is  mainly  occupied 
by  a  broad  oval  pad  for  the  muscular  attachment  extending  in  a  nar- 
row callosity  into  the  cavity  below.  The  teeth  sockets  are  deep  and 
margined  by  a  strong  callosity  which  forms  the  base  of  the  process; 
and  from  thence  proceed  the  crura  and  the  slender  spiral  arms, 
which  make  about  eleven  or  twelve  turns  in  the  larger  individuals. 
The  muscular  area  is  narrow,  well  defined  and  lobed  below;  while  the 
inner  portions  marked  by  the  occlusor  muscles  are  two  sublinear 
spots.  A  slender  crest  extends  along  the  middle  of  the  impression. 
The  interior  of  the  shell  is  somewhat  pustulose." 

The  fine  setae  which  belong  to  perfect  specimens  are  seldom  pre- 
served. The  shell  is  frequently  marked  by  two  or  more  strong 
lines  of  growth.    This  species  is  not  very  common. 

Formation  and  locality. 

Sellersburg  beds  and  Jeffersonville  limestone;  Charlestown  and 
Falls  of  the  Ohio. 

PBODUCTELLA. 

A.     Surface  of  ventral  valve  marked  by  niimerouR  Fpines  or  spine  bases,  fre- 
quently sixty  or  more.  P.  spinulicosto, 
A  A.     Surface  of  ventral  valve  marked  by  a  few  isolated  spines.        P.  aemiglobom. 

Productellu  »pimdicosta  Hall. 

PI.  VI.  figs.  9. 9a. 

P.  subaculeata  Hall,  Pal.  N.  Y.,  1867,  Vol.  IV,  pp.  54-160,  PI.  23, 
figs.  4-5,  25-34. 

IlalVs  description. — **Ventral  valve  gibbous,  length  and  breadth 
about  as  seven  to  eight;  hinge  extremities  angulated,  and  the  margins 
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being  contracted  a  little  below  from  small  ears,  while  below  this  eon- 
traction  the  sides  are  regularly  curved  and  the  front  is  broadly 
rounded.  The  umbo  is  considerably  elevated  above  the  hinge  line 
and  the  apex  incurved.  Surface  marked  by  closely  arranged  con- 
centric striae  and  studded  with  slender  rounded  spines.  On  the 
upper  part  of  the  shell  and  on  the  ears  these  spines  are  roimd  at  the 
base,  and  rise  directly  from  the  surface.  On  the  middle  and  lower 
part  of  the  valve  there  is  a  slight  elevation  of  the  surface  a  little 
above  the  base  of  the  spine,  but  not  a  defined  ridge.  The  number 
of  spines  on  the  individual  figured  has  been  sixty  or  more." 

The  dorsal  valve  appears  to  have  been  almost  if  not  entirely  desti- 
tute of  spines.  Some  of  the  specimens  in  Mr.  Green's  collection 
which  have  spines  f  of  an  inch  in  length  on  the  ventral  valve  show 
no  traces  of  spines  on  the  dorsal  valve. 

Some  of  the  specimens  from  the  lower  Devonian  of  northern 
Indiana  have  pretty  well  defined  plications  on  the  ventral  valve.  A 
small  variety  of  this  shell  which  does  not  usually  exceed  one-f#urth 
of  an  inch  in  width  was  found  abundant  at  one  locality  in  the  upper 
Devonian  of  northern  Indiana. 

This  shell  is  very  abundant  at  many  localities  in  northern  Indiana 
but  less  common  in  southern  Indiana. 

Formation  and  locality. 

Jeffersonville  limestone  and  Sellersburg  beds;  Bimker  Hill,  Pipe 
Creek  Falls,  Little  Roek  Creek,  Cass  County,  Shelby  County,  North 
Vernon,  Paris  Crossing,  Kent  and  Falls  of  the  Ohio. 

Productella  semiglobosa  Nettleroth. 

P.  semiglobosa  Nett.,  Ky.  Foss.  Shells,  1887,  p.  70,  PI.  26,  fig.  7. 

Neitleroih\^  original  descripfion. — "Shell  of  medium  size,  semiglo- 
bose  or  subcircular;  hinge  line  somewhat  shorter  than  greatest  width 
of  shell;  cardinal  extremities  rounded.  Ventral  valve  very  gibbous, 
regularly  curved  from  the  umbo  to  the  front,  and  also  transversely; 
umbo  only  moderately  elevated  above  surrounding  surface;  beak 
incurved  upon  the  hinge  line,  not  overlapping  it  into  dorsal  valve. 
Width  and  length  of  shell  about  equal  but  sometimes  the  width  ex- 
reeding  the  length.  Dorsal  valve  apparently  deeply  concave  but 
its  other  characters  are  not  known.  Surface  does  not  show  any 
markings  except  the  stumps  of  a  few  isolated  spines  placed  at  irreg- 
ular intervals;  the  figure  7  on  plate  26  shows  about  twice  as  many  as 
in  reality  exist.  I  am  unable  to  identify  it  with  any  of  the  species 
of  Devonian  Productella  known  to  me,  and  I  therefore  place  it 
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in  the  above  named  neiw  species.  This  shell  has  some  similarity  with 
some  middle-sized,  but  very  ventricose  forms  of  Stropheodonia  de- 
missa,  from  which  it  is,  however,  easily  distinguished  by  its  smooth 
surface,  which  shows  only  a  few  spine-bases,  while  Stropheodonia 
demissa  is  covered  by  radiating  striae,  and  never  becomes  fully  as 
ventricose  as  our  shell.  The  specimen  illustrated  is  of  about  average 
size. 

Rare,  not  seen  by  the  writer. 

Formation  and  locality. 
Jeffersonville  limestone;  Falls  of  the  Ohio. 

Centronella  glanafagea  (Hall). 
PI.XI,fig8.1,la»lb. 

-  C.  glansfagea  Hall,  Pal.  N.  Y.,  1867,  Vol.  IV,  p.  399,  PI.  61A, 
figs.  1-21,  25,  26. 

HalVs  description, — "Shell  small,  broad  ovate,  or  subquadratc;  the 
sides  often  sloping  from  near  the  middle  to  the  apex  at 'an  angle 
of  about  85  degrees;  the  front  rounded;  the  valves  very  unequal. 
Ventral  valve  much  larger  than  the  dorsal,  very  prominent,  often 
subcarinate  along  the  middle  and  curving  very  abruptly  to  the  lateral 
margins,  regularly  arcuate  from  beak  to  base.  Beak  much  extended 
beyond  that  of  the  opposite  valve,  strongly  incurved,  bringing  the 
apox  above  the  plane  of  the  margin  of  the  dorsal  valve.  Dorsal  valve 
usually  convex  in  the  upper  part,  concave  in  the  middle  by  a  broad 
and  undefined  sinus,  which  toward  the  front  often  involves  the  entire 
width  of  the  valve;  beak  not  incurved.  Surface  smooth  or  with 
faint  concentric  lines  of  growth;  shell  compact  and  very  finely  punc- 
tate. The  shell  varies  from  three-fourths  to  four-tenths  of  an  inch 
in  length;  the  width  usually  more  than  three-fourths  as  much,  and 
sometimes  nearly  equal  to  the  length.  Tfie  interior  of  the  ventral 
valve  shows  two  strong  teeth,  at  some  distance  below  the  apox  with 
strong  dental  lamellae.  The  interior  of  the  dorsal  valve  shows  the 
bases  of  the  crura  to  be  very  thick  and  strong,  entirely  dividing  at 
the  center  and  each  supporting  a  thin  filament  which  becomes 
broader  below  and  sends  off  a  spur  into  the  ventral  cavity;  and  thence 
curving  inwards  the  outer  margins  are  united  and  produced  along 
the  line  of  junction  in  a  slender  elevated  carina,  which  extends 
forward  in  a  slender  free  point.  The  muscular  imprint  is  oval,  and 
divided  along  the  center.  The  casts  of  the  interior  preserve  the 
impression  of  the  features  described,  and  are  readily  recogniaed  by 
the  slender  incurved  filling  of  the  rostral  cavity .'' 
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The  extremely  ventricose  type  shown  in  some  of  HaH's  figures  is 
not  represented  in  the  collections  at  hand,  the  sinus  being  developed 
the  entire  length  of  the  dorsal  valve.  The  largest  specimen  measures 
five-eighths  of  an  inch  in  length  and  one-half  inch  in  width.  The 
shell  figured  is  of  the  average  size. 

This  is  one  of  the  rare  species. 

Formation  and  locality. 

Sollershurg  beds;  ( -harlestown  and  Falls  of  the  Ohio. 

Viiulina  piiHidosa  Hall. 

PI.XI»fiff8.2,2a,2b. 

V.  pustulosa  Hall,  Pal.  N.  Y.,  1867,  Vol.  IV,  p.  410,  PI.  62,  fig.  1. 

IlaWs  dc^cripiion. — "Shell  subplano-convex,  semielliptical;  hinge 
line  equaling  or  a  little  less  than  the  length  of  the  shell;  surface' 
marked  by  a  few  strong  plications,  and  covered  by  minute  papillae, 
which  appear  like  the  bases  of  setae.  Substance  of  the  shell  finely 
punctate.  •  Ventral  valve  very  convex;  the  apex  a  little  acute,  subangu- 
lar  in  the  middle  above,  and  the  elevation  continued  in  a  broad  fold, 
which  is  at  first  fiattened  and  then  becomes  grooved  or  duplicate 
below,  with  four  or  five  rounded  or  subangular  plications  on  each 
side;  the  area  much  elevated  and  the  margin  rapidly  sloping  from 
the  apex  to  the  cardinal  extremities;  foramen  large  and  wide,  being 
half  the  length  of  the  area,  and  reaching  to  the  apex;  deltidial  pieces 
or  pseudodeltidium  unknown.  Dorsal  valve  flat  or  slightly  convex 
with  a  wide  mesial  depression  which  is  nearly  flat  in  the  bottom, 
and  in  larger  specimens  has  a  shallow  groove  in  the  middle  toward 
the  front.  The  plications  on  the  side  correspond  with  those  of  the 
ventral  valve.  There  is  a  narrow  scarcely  perceptible  area.  Surface 
covered  by  minute  papillae.  Substance  finely  punctate.  In  the  in- 
terior  of  the  ventral  valve,  the  margins  of  the  foramen  arc  extended 
in  two  strong  teeth,  which  are  supported  on  the  lower  and  lateral 
margins  by  a  callosity  of  the  shell.  Beneath  the  apex  a  strong 
callosity  or  false  area  extends  across  the  valve  and  reaches  to  the 
base  of  the  teeth.  This  callosity  is  visible  in  the  foramen,  and  from 
its  lower  margin  proceeds  a  slender  median  septum.  On  each  side 
of  this  septum,  at  its  junction  with  the  transverse  callosity,  there  is 
a  small  pit  for  the  occhisor  muscle;  and  beyond  that  a  broad  flabclli- 
form  area  for  the  divarieator  muscular  attachments.  These  features 
are  showns  in  the  cast,  fig.  li." 

In  the  dorsal  valve  there  is  a  strong  median  ridge  or  septum  which 
terminates  in  a  slightly  lobed  cardinal  process;  on  each  side  of  this 
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are  the  crural  processes,  and  between  these  and  the  margin  are  the 
teeth  sockets. 

This  is  a  rare  shell.    The  collection  of  Mr.  6.  K.  Green,  however, 
contains  25  or  30  specimens,  including  single  valves. 

Formation  and  locality, 
Sellersburg  beds;  Charlestown. 

8PIRIFEB. 

A.   Ventral  valve  with  very  high  area  and  beak  incurved  but  slightly  or  not  at  ail. 
b.  Plications  angular,  not  more  than  twelve  or  fifteen  on  each  side  of 
fold  and  sinus, 
c.  Ventral  valve  with  distinct  linear  ridge  along  margin  of  area. 

Spirifer  arciisegmenlum. 
cc.  Ventral  valve  without  linear  ridge  along  margin  of  area. 

d.  Shell  large  with  ten  or  twelve  plications  each  side  of  fold 

and  sinus.  Spirifer  manni, 

dd.  Shell  small  with  eight  or  ten  plications  on  each  side  of  fold 

and  sinus. 

d^.  Sinus  rounded  in  bottom.  Spirifer  varicoms. 

d*.  Sinus  angular  in  the  bottom.  *      Sp.  hobbsi, 

bb.  Plications  rounded  or  very  slightly  angular,  1()  or  more  on  each  side  of 

fold  and  sinus. 

e.  Shell  large,  area  not  inclined  forward. 

f.  Surface  with  20  to  30  plications  which  frequently 
have  a  thread-like  groove  in  the  middle,  on 
each  side  of  the  fold  and  sinus.     Sp.  audaeultu, 
it.  Surface  with  16  to  20  plications  without  a  thread- 
like groove  on  each  side  the  fold  and  Bin  us. 
g.  Area  concave.  Sp,  maeconalhii, 

gg.   Area  straight.  S.  fornacula, 

ee.  Shell  large,  area  inclined  forward.  Sp.  %e(jnienia, 

AA.    Ventral  valve  with  low  or  only  moderately  high  area,  beak  incurved. 

f.  Plications  on  fold  and  sinus. 

g.  Plications  few,  about  ten  on  each  side  of  fold  and  sinus,  smaller 

in  sinus  than  elsewhere.  Sp.  grieri. 

gg.   Plications  numerous,  usually  about  20  or  more  on  each  side  of  fold 

and  sinus,  those  in  biuus  equally  developed  with  the  others. 

Sp.  divaricatus 
ff.  No  plications  on  fold  or  sinus. 

h.  Hinge  line  greatly  extended. 

i.  Area  of  ventral  valve  high  and  incurved, 
i^  Surface  marked  by  line  radiating  striae. 

Sp.  iowensis, 
i*.  Surface  not  marked  by  radiating  striae.    Sp.  maa-us 
ii.  Area  of  ventral  valve  narrow,  not  incurved. 

Sp.  pennatuH, 
hh.  Hinge  line  not  greatly  extended. 

j.  Shell  large. 
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k.  Mesial  fold  and  einus  rounded. 

Sp,  granulosus, 

kk.     Mesial  fold  and  sinus  sharply  angular. 

Sp,  aeuminatuA, 
jj.  Shell  small. 

I.  Plications  sharply  angular,  sinus  angu- 
lar at  the  bottom.  •  Sp,  bymet-u 
11.  Plications  rounded,  sinus  rounded   in 
the  bottom. 

m.  Mesial  fold  narrow,  area  of  ven- 
tral valve  sublitiear. 

Sp.  duodenariug. 
mm.  Mesial  fold  wide,  area  of  ventral 
valve  rather  high, 
n.   Surface  of   shell    covered 
with    concentric  striae 
which  ane  strongest  to- 
ward the  front, 
o.  Shell    very    gibbous, 
length  usually  equal 
to  or  greater  than 
width.  Sp.  gregirivs, 
00.  Shell  not  very  gibbous, 
length   usually   much 
less  than  width. 
Sp.  ffregariiis  var.  greeni. 
nn.  Surface  smooth  except  near 
the    front   where   there 
are  from  five  to  seven 
strong  imbricating  lines 
of  growth.        Sp.  davisi, 

Spirifir  divaricaius  Hall. 

Pl.Vlir,  fig«.5,5a. 

S.  ..ivaricata  IJall,  Pal.  N.  Y.,  1867,  Vol.  IV,  p.  ^13,  PI.  32, 
iigs.  1-6. 

HalVs  description. — "Shell  ventricose,  somewhat  rhomboidal  or 
quadrilat(*ral  (looking  upon  the  ventral  valve).  Dorsal  valve  semi- 
elliptical;  hinge  line  less  than  the  width  of  the  shell;  cardiaal  ex- 
tremities obtuse  or  rounded ;  area  large.  Ventral  valve  most  convex 
above  tlie  middle,  extremely  areuate  from  the  umbo  to  the  base, 
abruptly  curving  to  the  sides;  beak  abruptly  arching  over  the  area; 
simia  plicated,  sliallow  above  and  becoming  rapidly  expanded  below 
with  the  margins  undefined  and  terminating  in  a  broad  triangular 
extension  in  front.  Area  high,  flat  below,  abruptly  arcuate  above 
and  reaching  to  the  cardinal  extremities;  foramen  large.  Dorsal 
valve  regularly  and  strongly  convex,  with  an  angular  mesial  fold. 
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which  is  narrow  above  and  expands  toward  the  front  with  bifurcating 
plications;  sides  regularly  curving  and  sometimes  a  little  flattened 
toward  the  cardinal  extremities.  Area  rather  wide  with  the  beak 
and  central  portions  of  the  valve  arching  over  it.  The  surface  is 
marked  by  numerous  fine  bifurcating  rounded  or  subangular  plica- 
tions; the  mesial  sinus  having  on  either  side  a  stronger  plication 
which  bifurcates  on  one  or  on  both  sides.  At  the  beak  there  is  a 
single  plication  in  the  bottom  of  the  sinus^  which  sometimes  con- 
tinues simple  nearly  or  quite  to  the  base;  while  the  accessions  take 
place  mainly  from  those  on  the  sides  of  the  depression,  till  they 
reach  the  number  of  ten,  eleven  or  twelve  within  the  limits  of  the 
sinus  near  the  base.  In  a  specimen  of  ordinary  size,  where  the  sur- 
face is  well  preserved,  there  can  be  seen  sixty  or  more  plications 
Avith  their  divisions  at  the  margin  of  the  shell.  In  some  specimens 
from  the  Corniferous  limestones  where  the  surface  Is  partially  or 
entirely  exfoliated  the  bifurcating  character  of  the  striae  is  not 
observed;  and  in  one  specimen  they  appear  to  have  been  nearly 
simple  throughout.  The  plications  are  crossed  by  fine  imbricating 
lamellose  striae  which  are  abruptly  arched  backwards.  A  cast  of  a 
ventral  valve  shows  a  long  oval  muscular  area  which  is  deeply  divided 
by  a  rounded  median  crest,  and  strongly  striated  on  the  lateral 
portions." 

In  perfectly  preserved  specimens  the  transverse  striae  have  a  fim- 
briate character.  One  shell  in  Mr.  Green's  collection  has  a  width 
of  three  inches  but  the  shells  arc  usually  much  smaller  than  this. 

This  species  appears  to  be  more  common  in  northern  than  south- 
ern Indiana,  ft  is  rather  common,  however,  in  the  bed  of  lime- 
stone frequently  found  just  over  the  "Cement  rock"  in  southern 
Indiana. 

Formation  and  locality, 

Sellersburg  beds  and  Jefferson ville  limestone;  Pipe  Creek  Falls, 
Bunker  Hill  and  Clark  County. 

Spirifer  acuminatus  (Conrad). 

Pl.IX.flg.l. 

Sp.  acuminata  Hall,  Pal.  N.  Y.,  1867,  Vol.  IV,  pp.  198,  234,  PI.  29, 
figs.  9-18;  PI.  35,  fig.  24. 

HalVs  description  in  part, — "Shell  large  ventricose,  transverse, 
with  the  hinge  line  Usually  less  than  the  width  of  the  shell;  cardinal 
extremities  rounded  or  truncate,  having  a  subelliptical  or  subquad- 
rate  outline;  mesial  fold  and  sinus  extreme.    Surface  plicated.  Ven- 


636-  REPOKT  OF  STATE  GEOLOGIST. 

tral  valve  variably  convex  on  the  two  sides,  with  a  wide  mesial  sinus 
which  is  well  defined  in  the  upper  part,  becomes  wider  and  deeper 
and  less  distinctly  defined  in  the  middle  of  the  shell,  and  is  produced 
in  part  in  a  long  triangular  extension;  gently  or  more  abruptly  curv- 
ing from  the  greatest  convexity  to  the  sides  and  cardinal  angles, 
with  the  margin  rounded  except  towards  the  extremities.  Dorsal 
valve  gibbous  slightly  elevated  in  the  middle  into  a  strong  angular 
mesial  fold,  and  curving  from  the  sides  of  the  fold  to  the  margins 
of  the  shell,  except  at  the  cardinal  angles,  where  it  is  a  little  flat- 
tened and  projecting,  so  as  to  give  a  minute  auriculate  appearance; 
summit  of  mesial  fold  regularly  arcuate  from  beak  to  base;  apex 
slightly  incurved  over  the  narrow  nearly  vertical  area.  Surface  on 
either  side  of  the  mesial  fold  and  sinus  marked  by  from  sixteen  to 
twenty  plications,  about  four  or  five  of  which  nearest  the  center 
are  dichotomous  from  below  the  middle  of  their  length;  ribs  low  and 
rounded  above,  flattened  below  the  middle,  those  near  the  margin 
very  slender;  the  first  ten  or  twelve  ribs  on  each  side  occupy  the 
greater  part  of  the  valve.  The  entire  surface  is  marked  by  delicate 
concentric  striae,  which  are  often  crowded  into  imbricating  lamellose 
lines  towards  the  front  of  the  shell.  In  very  perfect  specimens  these 
concentric  striae  are  papillose  or  fimbriated  by  fine  radiating  striae. 
These  fine  surface  niarkings,  however,  are  usually  nearly  or  quite 
obliterated." 

This  is  one  of  the  most  abundant  and  characteristic  fossils  of  the 
Indiana  Devonian.  In  southern  Indiana,  where  the  Sellersburg  beds 
have  their  typical  development,  1  have  not  seen  this  species  above 
their  base,  but  at  North  Vernon  and  other  points  where  there  is 
no  very  evident  lithologieal  distinction  between  this  formation  and 
the  Jeffersoiiville  limestone,  Sp.  acuminaius  occurs  abundantly  im- 
mcdiatelv  below  tlio  Black  shale.  In  northern  Indiana  this  fossil 
has  not  boon  found  in  the  higliost  fauna  of  the  Devonian  limestone, 
but  occurs  in  the  lower  one. 

Formalion  and  locality. 

Jofl'ersonvillo  limestone;  throughout  the  Devonian  area. 

Spirifer  gregarius  Clapp. 
PI.  X,  fig.  3. 

8p.  gro^raria  TIall,  Pal.  N.  Y.,  1867,  Vol.  IV,  p.  195,  PI.  28, 
figs.  1-11. 

UaWs  description, — *'Shell  ventricose,  subglobose,  semioval  or  sub- 
quadrate  in  outline;  hinge  line  equaling  or  less  than  the  width  of 
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the  sliell;  cardinal  extremities  truncate  or  rounded.  Surface  pli- 
cated. Ventral  valve  the  more  gibbous,  regularly  arcuate  from  beak 
to  front,  the  greatest  convexity  at  or  a  little  above  the  middle,  and 
curving  somewhat  abruptly  to  the  sides  and  more  gently  to  the  front; 
beak  much  elevated  and  the  apex  closely  incurved  over  the  fissure; 
area  high  concave  and  extending  to  the  cardinal  angles  where  it  is 
sometimes  more  than  half  a  line  high,  often  distinctly  striated; 
mesial  sinus  rounded  or  subangular  and  much  produced  in  front. 
Dorsal  valve  very  convex,  with  a  strong  mesial  fold,  either  angular 
or  somewliat  flattened  along  the  summit,  and  sometimes  marked  by 
an  indistinct  groove;  beak  often  considerably  elevated  and  slightly 
inclined  over  the  hinge  line;  area  narrow  except  in  the  center  where 
it  perc(*pti])ly  widens.  Surface  marked  by  from  six  to  ten  strong 
rounded  ribs  on  each  side  of  the  mesial  fold  and  sinus;  the  entire 
surface  with  undulating  concentric  striae,  which  towards  the  front 
become  strong  zigzag  imbricating  lines.  The  interior  of  the  ventral 
valve  presiMits  a  well  defined  oval  muscular  impression  with  a  low 
crest  in  the  centre.  The  dental  plates  are  often  much  thickened, 
filling  the  entire  rostral  cavity  and  encroaching  upon  the  muscular 
area.  The  width  of  the  species  ranges  from  one-half  to  seven-eighths 
of  an  inch,  and  the  length  is  sometimes  a  little  greater  but  usually  a 
little  less  than  the  width.  Jn  the  more  gibbous  spccimons  the  beak 
of  the  ventral  valve  is  so  extremely  elevated  that  one-half  the  length 
of  the  valve  is  above  the  cardinal  line.  In  the  majority  of  specimens 
there  are  about  six  or  seven  plications  on  each  s'de  of  the  valve. 
The  variable  gibbosity  gives  an  apparent  variation  in  the  height  of 
the  area,  the  beaks  of  the  two  valves  sometimes  approaching  close 
to  each  other." 

This  shell  is  extremely  abundant  at  the  Falls  of  the  Ohio  and 
elsewhere  in  Clark  Count v,  but  I  have  not  seen  it  in  northern 
Indiana. 

Formation  and  locality. 

Sellersburg  beds  and  JefTersonville  limestone;  Falls  of  the  Ohio, 
C-harlestown  and  Scott  County. 

Spirifer  gregariits  var.  greeni  n.  var. 

PI.  X,  figs.  4, 4a. 

The  collection  of  Mr.  (rreen  contains  several  specimene  which 
ditfrr  (oiLsidcrably  from  the  ordinary  type  of  Sp,  gregarins.  They 
are  very  much  less  gibbous,  comparatively  wider,  the  width  always 
exceeding  the  length,  and  do  not  have  the  strong  imbricating  striae 
toward  the  front  which  characterize  8p.  gregariuu. 
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This  variety  was  illustrated  by  White  (Rept.  Ind.  Geol.  Surv.  1880, 
PL  4,  figs.  10-11)  but  no  attention  was  called  to  the  difference  be- 
tween it  and  the  ordinary  form. 

Formation  and  locality, 
JeflPersonvillc  limestone;  Falls  of  the  Ohio. 

Spirifer  grieri  Hall. 

Pl.VIII.fif.6. 

Sp.  grieri  Hall,  Pal.  N.  Y.,  1867,  Vol.  IV,  p.  194,  PI.  27,  f\g,  29; 
PL  28,  figs.  17-23. 

HalVs  description, — "Shell  gibbous,  transversely  oval  or  subquad- 
rilateral,  sometimes  longitudinally  ovate,  the  proportions  of  length 
and  breadth  being  variable;  hinge  line  usually  shorter  than  the 
width  of  the  shell,  with  the  cardinal  extremities  rounded;  valves 
subequally  convex.  Ventral  valve  gibbous  or  ventricose,  most  convex 
above  the  middle  and  nearly  opposite  the  center  of  the  hinge  line 
and  sloping  very  abruptly  to  the  lateral  margins;  sometimes  regu- 
larly arcuate  in  the  entire  length  and  often  arched  in  the  upper 
part  and  nearly  straight  below.  TTmbo  prominent  and  much  elevated 
above  the  hinge  line;  beak  more  or  less  extremely  incurved  over  the 
high  arcuate  area  which  has  a  length  of  from  one-half  to  two-thirds 
the  width  of  the  shell;  mesial  sinus  wide  and  deep,  subangular  in  the 
lower  part.  Dorsal  valve  regularly  arcuate,  the  greatest  convexity 
near  the  middle  and  regularly  curving  to  the  lateral  margms;  mesial 
fold  prominent  sometimes  roimded  but  usually  more  or  less  distinctly 
angular;  beak  small,  slightly  incurved  over  a  nearly  vertical  narrow 
area.  Surface  marked  by  six,  eight  or  ten  more  or  less  rounded 
simple  plications  on  each  side  of  the  mesial  fold  and  sinus;  while 
there  are  three  or  four  distinct  bifurcating  or  dichotomoiis  plications 
upon  the  fold  or  sinus,  giving  six  or  seven  at  the  margin  of  the  shell. 
In  perfect  specimens,  the  surface  is  covered  by  fine  concentric  lamel- 
lose  striae  which  are  crossed  by  delicate  radiating  striae.  This 
species  is  distinguished  from  most  of  the  allied  forms  by  its  simple 
strong  plications  on  eac^h  side  the  mesial  fold  and  sinus,  while  those 
occupying  the  latter  are  smaller  and  bifurcating.  Sometimes  the 
middle  plication  on  the  mesial  fold  is  simple,  in  which  case  the  fold 
is  quite  angular;  while  in  other  instances  it  bifurcates,  leaving  a 
longitudinal  depressed  line  in  the  middle,  giving  it  a  more  roimded 
outline.  It  is  only  in  specimens  which  have  suffered  no  injury  by 
wearing  or  exfoliation,  that  the  fimbriate  appearance  of  the  con- 
centric markings  is  visible.    In  some  of  the  larger  or  older  individuals 
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tile  plications  are  low  and  gently  rounded.  In  other  specimens  they 
are  prominent,  while  from  exfoliation  they  often  become  angular 
and  more  conspicuous;  and  the  same  appears  to  be  true  of  the 
dichotomous  plications  of  the  mesial  fold  and  sinus.  In  two  or 
three  instances  I  have  noticed  in  the  casts  a  partial  bifurcaton  of  one 
or  two  of  the  lateral  plications.  In  some  of  the  casts  or  partial  casts, 
the  plications  on  the  fold  or  sinus  appear  to  be  partly  or  entirely 
obsolete.  The  interior  of  the  valve  is  unknown." 
ITiis  is  a  rare  species. 

Formal  ion  and  locality . 
.Teffersonville  limestone;  Paris  Crossing  and  Falls  of  the  Ohio. 

Spirifer  david  Nettleroth. 

Pl.IX,figf.8,8a. 

Sp.  davisi  Nett.,  Ky.  Foss.  Shells,  1889,  p.  112,  PL  12,  figs.  1-4. 

Nedleroth's  original  description, — "The  shell  is  semicircular  or  sub- 
quadrate  and  gibbous.  Hinge  line  equal  or  longer  than  the  greatest 
width  of  the  shell.  Cardinal  extremities  acute  and  mostly  somewhat 
acuminate.  Surface  strongly  plicated.  Ventral  valve  considerably 
more  gibbous  than  the  dorsal  valve,  regularly  arcuate  from  beak  to 
front;  greatest  convexity  at  or  a  little  above  middle,  and  curving 
gently  to  the  sides  and  front  except  at  the  cardinal  angles,  which 
are  somewhat  flattened;  beak  much  elevated  above  that  of  the 
opposite  valve,  and  arching  over  the  fissure,  but  scarcely  incurved. 
Cardinal  area  high  and  concave,  and  reaching  to  the  cardinal  extrem- 
ities. Mesial  sinus  is  broad  and  rounded  and  reaches  quite  to  the 
apex.  Dorsal  valve  gibbous,  most  convex  in  the  middle,  flattened  or 
a  little  concave  towards  the  cardinal  extremities.  The  mesial  fold 
is  very  prominent,  rounded  and  regularly  arcuate;  it  has  a  faint  im- 
pression extending  from  beak  to  middle  of  valve.  The  beak  is  small 
and  arched  over  the  linear  area.  Surface  is  marked  by  six  to  eight 
rounded  or  subangular  plications  on  each  side  of  the  mesial  fold 
and  sinus.  The  shell  is  smooth  with  the  exception  of  the  front 
part  which  is  marked  by  from  five  to  seven  strong  concentric  imbri- 
cating lines  of  growth,  which  reach  to  the  cardinal  angles  and  which 
give  to  the  shell  its  peculiar  beautiful  front  view.  Such  imbricated 
front  is  only  noted  in  Sp.  {jregaria  and  Sp.  mucronaia^  in  both  of 
which  it  is  less  regular  and  less  prominent.  Interior  of  shell  is 
unknown. 

*'The  specimens  so  far  found  show  great  similarity  in  form,  also 
in  size;  they  measure  from  one  inch  to  one  inch  and  a  quarter  in 
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width,  by  from  three-fourths  to  seven-eighths  of  an  inch  in  length. 
This  species  is  related  to  Sp.  raricosta  and  Sp.  gregaria.  From  the 
former  it  differs  in  its  greater  number  of  plications;  its  somewhat 
acuminate  cardinal  extremities;  its  longer  and  more  elevated  hinge 
area,  and  by  its  peculiar  imbricated  front.  From  Sp.  gregaria  it  is 
distinguished  by  its  larger  size,  by  its  smooth  shell,  by  its  greater 
width,  and  by  its  less  prominent  umbo,  and  also  by  its  more  marked 
imbricated  front/^ 
This  species  is  rare. 

Formation  and  locality, 
JcflFersonville  limestone;  Ijancaster  and  Falls  of  the  Ohio. 

Spirtfer  granulosus  (Con.). 

Pl.IX,fiff8.2,2ii,2b. 

Sp.  oweni  Hall,  Pal.  N.  Y.,  1867,  Vol.  IV,  p.  197,  PI.  29,  figs.  1-8. 

HalVs  description, — "Shell  more  or  less  ventricose  in  its  different 
stages  of  growth,  somewhat  transversely  oval,  semielliptical  or  sub- 
quadrate;  hinge  line  about  equal  to  the  width  of  shell;  cardinal  ex- 
tremities rounded  or  subangular.    Surface  plicated. 

"Ventral  valve  scarcely  so  gibbous  as  the  dorsal  valve,  its  greatest 
convexity  about  tlie  middle  of  its  length,  and  curving  regularly  to  the 
margins;  beak  much  elevated  above  that  of  the  opposite  valve  and 
arching  over  the  fissure  but  scarcely  incurved;  mesial  sinus  shallow 
concave,  usually  well  defined  and  reaching  distinctly  to  the  apex. 
Area  high  concave  elevated  and  continuing  to  the  hinge  extremities; 
foramen  large,  reaching  to  the  apex  and  sometimes  partially  filled 
by  the  thickening  of  the  dental  plates.  Dorsal  valve  the  more  gib- 
bous, the  greatest  convexity  in  the  middle  and  curving  regularly  to 
the  front  and  lateral  margins  and  usually  a  little  flattened  or  concave 
towards  the  cardinal  extremities;  mesial  fold  prominent,  rounded, 
with  a  longitudinally  depressed  line  along  the  middle.  Area  narrow, 
vertical  or  in  the  plane  of  the  longitudinal  axis.  The  surface  is 
marked  by  from  fifteen  to  seventeen  rounded  or  subangular  plica- 
tions on  each  side  of  the  mesial  fold  and  sinus;  and  these  are  crossed 
by  distinct  concentric  striae,  which  become  strongly  imbricating,  or 
are  marked  in  strong  imbricating  lines  of  growth  toward  the  margin. 
In  well  preserved  specimens  there  are  distinct  radiating  striae.  In 
many  of  the  silicified  specimens,  however,  both  the  radiating  and 
concentric  striae  are  partially  or  entirely  obliterates.  The  interior 
of  the  ventral  valve  shows  two  short  and  rather  strong  teeth,  with 
the  ventral  portion  quite  solid.    The  dental  plates  reaching  to  the 
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bottom  of  the  cavity  of  the  shell,  curve  slightly  outwards  and  par- 
tially enclose  an  oval  muscular  area  which,  in  its  upper  part  is  divided 
by  a  short  prominent  median  crest.  In  some  silicified  specimens  the 
conical  spires  are  partially  preserved.  The  crura  are  widely  sep- 
arated at  their  bases  and  converging  somewhat  abruptly,  curve  into 
the  dorsal  valve,  making  twelve  or  more  turns,  and  producing  a 
short,  strong  spire.  In  well  preserved  specimens  the  mesial  fold  and 
sinus  are  usually  sharply  defined,  but  in  some  of  the  more  gibbous 
forms  the  sinus  is  very  ])road  and  one  or  two  of  the  plications  on 
each  side  are  involved  in  the  sides  of  the  depression;  at  the  same 
time  the  mesial  fold  is  very  prominent,  rounded,  and  sloping  almost 
imperceptibly  into  the  general  contour  of  the  convexity  of  the  valve." 
This  species  frequently  has  as  many  as  twenty  plications  on  each 
side  of  the  fold  and  sinus.  The  spires  are  pointed  toward  the  cardi- 
nal extremities  at  an  angle  of  about  45  degrees  to  each  other.  In 
six  specimens  irj  Mr.  (ireen's  collection,  the  number  of  coils  in  the 
spire  varies  from  18  to  21.  Tliis  is  one  of  the  most  abundant  species 
in  the  "Cement  rock"  of  southern  Indiana. 

Formation  and  locality, 

Sellersburg  beds;  Sellersburg,  Watson,  Charlestown,  Utica,  Falls 
of  the  Ohio,  Lexington  and  Paris  (Vossing. 

Spirifer  fomactda  Hall. 

S.  onrnteinos  TIall,  Tal.  N.  Y.,  IHCr,  Vol.  IV,  p.  209,  PI.  31, 
figs.  14-19. 

IlalVs  description, — "Shell  semi(»lliptioal:  length  and  breadth  about 
as  six  to  ten;  hinge  line  equal  to  the  greatest  width  of  the  shell. 
Surface  plicate*.  Ventral  valve  subj)yniniidal,  the  elevation  being 
equal  to  nearly  half  the  width,  curving  abruptly  and  equally  to  the 
front  and  lateral  margins;  the  distance  from  the  apex  to  the  cardinal 
extremity  and  to  the  front  of  the  shell  being  about  equal.  Apex 
sometimes  projecting  slightly  over  tlie  area;  mesial  sinus  shallow, 
well  defined,  and  reaching  to  the  apex,  sometimes  a  little  flattened  in 
tile  bottom.  Area  extremely  elevated,  nearly  flat  or  slightly  concave 
ahove;  fissure  large  and  open  to  the  apex,  the  length  of  the  sides 
being  about  once  and  a  half  the  width  of  the  base.  Dorsal  valve 
moderatelv  and  evenlv  convex  with  a  well  defined  low  rounded  mesial 
fold;  beak  and  margins  of  the  valve  in  the  middle  slightly  arched. 
Area  narrow  at  the  sides,  but  having  the  width  of  a  line  in  the 
middle.  Surface  marked  by  from  sixteen  to  twenty  plications  on 
each  side  of  the  mesial  fold  and  sinus;  these  plications  are  rounded 
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and  well  defined;  about  eight  of  them  reach  the  apex  on  the  ventral 
valve,  and  the  remainder  coalesce  with  the  angular  border  of  the 
area.  In  perfect  specimens  the  entire  surface  has  been  covered 
by  fine  concentric  undulating  striae,  which  are  crossed  by  fine  radi- 
ating striae.  The  remains  of  these  upon  some  silicified  specimens 
give  a  granulose  surface.  The  length  of  full  grown  individuals  ia 
a  little  more  than  three-fourths  of  an  inch  with  a  width  of  about 
an  inch  and  three-eighths;  the  height  varies  from  three-fourths  of 
an  inch  to  a  little  less." 

Hall  described,  under  the  name  of  S.  euruteines  var.  fornacula,  a 
variety  of  this  species  from  the  Bake  Oven,  Illinois,  which  is  char- 
acterized by  the  incun^ing  of  the  upper  part  of  the  area.  This 
variety  is  very  common  in  Indiana. 

The  height  of  the  area  varies  considerably;  in  some  of  the  higher 
forms  it  is  contained  in  the  length  of  the  ventral  valve  one  and  two- 
third  times,  while  in  the  flat  lower  types  the  length  of  the  ventral 
valve  is  equal  to  two*  and  a  half  times  the  height  of  the  area. 
8.  euruteines  is  always  associated  with  Sp,  granulosus  in  southern 
Indiana  and  is  nearly  as  abundant. 

Formation  and  locality. 

Sellersburg  bed*  and  Jefl'ersonville  limestone;  Falls  of  the  Ohio, 
Oharlestown,  Ticxington,  Lancaster,  Watson,  Sellersburg,  Kent,  Pipe 
C^reek  Falls. 

Spirifer  manni  Hall. 

Pl.X.fiflTB.l.la. 

Sp.  manni  Hall,  Pal.  N.  Y.,  1807,  Vol.  IV,  p.  211,  PI.  31,  figs. 
20-30. 

IfalVs  description. — "Shell  semielliptieal  or  subquadrate;  valves 
very  unequally  convex;  hinge  line  equal  to  the  greatest  width  of  the 
shell;  cardinal  extremities  angular,  and  sometimes  produced  in  acute 
ext(*nsions.  Ventral  valve  subpyniniidal,  the  height  often  nearly 
equal  to  two-thirds  the  length;  greatest  elevation  at  the  apex  and 
thrnce  (curving  to  the  front  and  lateral  margins;  mesial  sinus  angular 
above,  and  rounded  or  flattened  toward  the  front;  margins  angular 
and  sharply  defined.  Area  large  and  high,  flat  and  inclined  a  little 
backwards  or  slightly  concave;  foramen  large  and  open  to  the  apex. 
Dorsal  valve  more  or  less  gibbous  and  sometimes  only  moderately 
convex,  curving  to  the  front  and  lateral  margins,  and  a  little  flat- 
tened at  the  cardinal  extremities;  mesial  fold  moderately  elevated, 
strongly  defined  and  flattened  or  concave  on  the  summit;  the  beak 
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and  adjacent  portion  of  the  margin  is  more  or  less  arcuate^  and 
the  area  is  concave  for  more  than  half  its  length  on  each  side  of 
the  center.  Tlie  surface  is  marked  by  ten  or  twelve  plications  on 
each  side  of  the  mesial  fold  and  sinus;  the  plications  rounded  or 
subangular  and  sometimes  subnodose  on  exfoliation.  Portions  of 
the  shell  preserved  on  some  of  the  specimens,  show  strong  lamellose 
concentric  striae,  with  faint  radiating  striae.'^ 

This  shell  is  very  closely  related  to  8p.  fomacula.  It  has  a  more 
angular  sinus  and  fewer  striae  than  that  species.    It  is  a  rare  fossil. 

Formation  and  locality. 
JcfTcrsonvillc  limestone;  Falls  of  the  Ohio. 

Spirifer  »egmejitum  Hall. 

Pl.IX,  fiff8.7,7a. 

Sp.  sogiiionta  Hall,  Pal.  N.  Y.,  18()7,  Vol.  IV,  p.  207,  PI.  31, 
figs.  11-19. 

llalVs  description, — "Shell  transverse  semioval;  length  less  than 
half  the  width;  hinge  line  equaling  the  greater  width  of  the  shell, 
amd  terminating  in  salient  angles.  Surface  plicate.  Ventral  valve 
much  elevated,  subpyramidal,  most  prominent  at  the  beak,  which 
is  not  incurved;  sinus  strongly  defined,  shallow  and  nearly  flat  in 
the  bottom,  with  the  sides  straight,  giving  a  triangular  form  in  which 
the  sides  are  about  once  and  a  half  as  long  as  the  base.  Area  very 
large  with  sharply  angular  margins  a  little  inclined  forward,  and 
nearly  of  the  same  size  as  the  exterior;  the  fissure  is  high  and  large, 
being  nearly  of  the  same  dimensions  as  the  mesial  sinus.  Dorsal 
valve  depressed  convex  and  flattened  toward  the  cardinal  extremities, 
larger  than  the  ventral  valve,  seniielliptical  in  form  with  a  low  but 
sliar])ly  dofined  mesial  fold  which  is  barely  flattened  upon  the  sum- 
mit. Tlic  proj)()rtions  in  height  of  area,  length  of  dorsal  and  length 
of  voniral  valves  is  about  as  five,  six  and  seven.  Surface  marked 
by  twenty  or  more  simple  rounded  (or  subangular)  plications  on 
each  side  of  the  mesial  fold  and  sinus,  the  lateral  ones  of  which  do 
not  reach  the  beak,  but  run  out  along  the  margin  of  the  valve.  In 
its  perfect  condition  the  shell  has  been  marked  by  fine  concentric 
striae,  traces  of  which,  are  still  preserved,  together  with  stronger  im- 
bricating lines  of  growth." 

Til  is  is  a  verv  common  shell  in  southern  Indiana. 

In  s])c(in)ens  which  have  been  studied  from  southern  Indiana  the 
inclination  of  the  area  to  the  plane  passing  through  the  margins  of 
the  two  valves  varies  between  60  degrees  and  75  degrees.    A  specimen 
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from  northern  Indiana  shows  an  angle  of  58  degrees,  the  lowest 
noted. 

This  species  is  very  closely  related  to  Sp.  angustus  if  not  identical 
with  it;  but  I  have  seen  no  specimens  in  Indiana  with  the  extremely 
mucronate  hinge  extremities  shown  in  Halt's  figures  of  Sp,  anguslus. 

Fommiion  and  locality. 

Sellersburg  beds  and  Jeffersonville  limestone;  Falls  of  the  Ohio, 
Charlestown,  Sellersburg,  Kent,  Lexington  and  Pipe  Creek  Falls. 

Spirifer  varieostis  Hall 

PI.  IX.  tig.  3. 

Sp.  varicosa  Hall,  Pal.  X.  Y.,  1867,  Vol.  IV,  p.  205,  PI.  31,  figs.  1-4. 

II air 8  description. — *^Shell  somewhat  semicircular  or  scmielliptical; 
length  equaling  or  less  than  half  the  width;  hinge  line  equal  to  the 
greatest  width  of  the  shell,  and  terminating  in  salient  angles  or 
mucronate  extensions.  Surface  plicated.  Ventral  valve  much  the 
more  convex;  greatest  elevation  at  the  umbo,  and  regularly  curving 
to  the  front  and  lateral  margins;  mesial  sinus  strongly  defined,  rather 
flat  in  the  bottom:  beak  slightly  arcuate.  Area  high,  nearly  flat 
below  and  slightly  concave  towards  the  apex.  Dorsal  valve  moder- 
ately convex  with  a  prominent  abruptly  elevated  mesial  fold,  which 
is  flattened  on  the  summit  and  sometimes  slightly  depressed  along 
the  center;  the  beak  j)rojecting  a  little  above  the  hinge  line,  and 
with  a  narrow  area  gently  incurved.  The  surface  is  marked  by  from 
eight  to  ten  simple  and  somewhat  abruptly  elevated  })lications  on 
each  side  of  the  mesial  fold  and  sinus;  these  are  crossed  by  strong 
lamellose  imbricating  lines  of  growth,  which  give  a  varicose  char- 
acter to  the  surface,  and  where  the  shell  is  exfoliated  the  plications 
are  nodose.  In  some  specimens  distinct  fine  radiating  striae  can  be 
observed.  There  is  often  a  retral  curving  of  the  striae  in  the  centre 
of  the  mesial  sinus,  and  sometimes  a  slight  elevation  along  that  line." 

This  is  a  verv  common  little  shell. 

Formation  and  hwalHy. 

Sellersburg  beds  and  JetTcrsonville  limestone:  throughout  the  De- 
vonian area. 

Spirifer  hymesi  Nettleroth. 

PI.  IX,  figs.  6,  Ba. 

Sp.  bymesi  Nett.,  Ky.  Foss.  Shells,  1889,  p.  100,  PI.  10,  figs.  1-5, 
31-34,  3V39. 

Nettleroth^s  original  dofrription. — "Shell  subquadrate,  semicircular 
and  gibbous  in  outline;   hinge  line  equaling  greatest  width  of  shell 
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and  terminating  in  salient  angles.  Surface  plicate.  Ventral  valve 
ventricose  and  only  a  little  more  gibbous  than  the  other  valve;  regu- 
larly arcuate  from  beak  to  front;  greatest  convexity  in  the  upper 
part  a  little  above  the  middle  from  where  it  curves  regularly  to  the 
front  and  siries;  beak  much  elevated  above  the  hinge  line  and  slightly 
arcuate.  Cardinal  area  high  concave  and  extending  to  the  cardinal 
angles  where  it  never  forms  art  acute  angle,  but  shows  always  a 
height  of  from  one-quarter  to  one-half  a  line,  a  feature  which  is  not 
sufficiently  expressed  in  the  figures  on  plate  10.  Mesial  sinus  sharply 
defined,  forniinga  deep  triangular  groove,  with  an  acute  angle  at  the 
bottom,  much  produced  in  front;  fissure  of  medium  size.  Dorsal 
valve  gibbous  with  a  greatly  elevated  mesial  fold,  which  is  edged  in 
its  upper  part  and  rounded  below;  beak  little  elevated  and  slightly 
inclined  over  a  narrow  hinge  area.  Surface  marked  by  from  eight 
to  ten  very  prominent  and  angular  plications  on  each  side  of  the 
mesial  fold  and  sinus  which  are  crossed  by  strong  imbricating  con- 
centric lines  of  growth,  showing  more  prominently  in  front  than  in 
upper  portion  of  shell.  Of  the  plications  the  lateral  ones  do  not 
reach  to  the  beak,  but  nm  out  on  the  margins  of  the  cardinal  area. 
The  dimensions  of  this  species  are  as  follows:  It  measures  from  one- 
half  to  three-fourths  of  an  inch  in  length  and  from  three-fourths  to 
seven-eighths  of  an  inch  in  width;  it,s  width  always  exceeds  its  length. 
This  species  takes  an  intermediate  position  between  Sp.  gregaria  and 
Sp.  varicosn ;  it  is  more  transverse  than  the  former  and  less  so  than 
the  latter:  its  umbo  is  less  elevated  and  ciirvcfi  than  that  of  gregaria 
and  more  so  than  that  of  varicosa;  \is  deeper  and  sharply  angular 
sinus  and  its  more  elevated  fold,  distinguish  it  from  both  of  its  rela- 
tions. It  is  a  well  marked  and  easily  recognized  species." 
This  is  a  verv  abundant  shell. 

Formation  and  locality. 

Sellersburg  beds  and  Jeirersonvillc  limestone;  throughout  the  De- 
vonian area. 

Spirifer  varicosa  var.  hobbsi  (Ncttleroth). 

Sp.  hobbi  Nettleroth,  Ky.  Foss.  Shells,  1889,  p.  121,  PL  10,  figs. 
21,  22,  26-30,  35-40. 

An  examination  of  the  type  specimens  of  Nettleroth^s  Sp.  hobbsi 
indicates  that  the  only  difference  between  it  and  Sp.  varicosa  is  in 
th(;  character  of  the  sinus;  the  sinus  in  liohhsi  is  rather  sharply  angu- 
lar, while  ill  varicosa  it  is  usually  rounded  or  flattish.  This,  character 
is  variable  in  Sp.   varicosa;  sometimes  the  sinus  approaches  the 
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angular  type  and  Bometimes  a  partially  developed  plication  occupies 
the  bottom  of  it. 

This  yariety  is  not  very  common. 

Formation  and  locality, 

Sellersburg  beds;  Falls  of  the  Ohio. 

Spirifer  arctisegmeiitum  Hall. 

Sp.  arctisegmenta  Hall,  Pal.  N.  Y.,  1867,  Vol.  IV,  p.  208,  PL  31, 
figs.  9,  10. 

HalVs  description, — "Shell  transversely  semioval;  length  less  than 
one-third  the  width;  hinge  line  equal  to  the  greatest  width  of  the 
shell,  and  terminating  in  mucronate  points.  Ventral  valve  the  more 
convex,  most  prominent  at  the  umbo  from  which  it  slopes  regularly 
to  the  anterior  and  lateral  margins;  mesial  sinus  angular,  and  dis- 
tinctly defined  quite  to  the  apex  of  the  shell;  beak  not  incurved. 
Area  flat,  a  little  inclined  forwards,  striated  longitudinally,  fissure 
narrow  and  open  to  the  apex.  Dorsal  valve  depressed  convex, 
scarcely  flattened  towards  tlie  cardinal  extremities;  the  beak  and 
central  portion  of  the  shell,  together  with  the  linear  area,  slightly 
incurved.  The  surface  of  the  ventral  valve  is  marked  by  eigh't  or 
nine  angular  plications,  which  are  slightly  curved  towards  the  front 
and  about  three  of  them  only  reaching  the  apex;  the  remaindei 
coalesce  with  an  elevated  ridge  which  borders  the  area.  The  plica- 
tions on  the  dorsal  valve  are  pretty  direct,  the  greater  part  of  them 
terminating  in  the  margin  at  a  distance  from  the  beak,  l^^ne  close 
concentric  striae  mark  the  entire  surface." 

This  is  a  rare  species. 

Formation  and  locality. 

Sellersburg  beds;  Kent  and  Falls  of  the  Ohio. 

Spirifer  a udacidw^  (Con  rad ) . 
PI.  VIII,  fig.  4. 

This  species  is  closely  allied  to  Sp.  forn<icula. 

Only  a  few  well  preserved  specimens  have  been  seen;  these  have 
the  fold  and  sinus  and  plications  marked  by  fine  closely  arranged 
striae,  with  a  thread-like  groove  along  the  middle  of  each  plication. 

Formation  and  locality, 
Sellersburg  beds;  Watson. 
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Spirifer  duodenariua  (Hall). 

PI.  IX,  fiff.  10. 

Sp.  duodenaria  Hall,  Pal.  N.  Y.,  1867,  Vol.  IV,  p.  189,  PI.  27, 
figs.  13-16;  PI.  28,  figs.  21-33. 

HalVs  description, — "Shell  transverse  semicircular;  hinge  line 
equaling  the  greatest  width  of  the  shell;  cardinal  extremities  obtuse 
or  acute,  rarely  acuminate.  Valves  subsqually  convex;  area  very 
narrow.  Surface  plicated.  Ventral  valve  moderately  gibbous,  arcu- 
ate, compressed  towards  the  cardinal  extremities.  Mesial  sinus  of 
moderate  width  and  depth,  rounded  or  slightly  flattened  on  the 
bottom;  umbo  prominent,  tlie  beak  small  neatly  curved  over  a  wide 
triangular  fissure,  and  reaching  to  within  half  a  line  of  the  umbo  of 
the  opposite  valve;  area  concave,  sublinear,  a  little  wider  on  each 
side  near  center.  Dorsal  valve  regularly  convex,  a  little  gibbous 
in  the  middle,  and  flattened  or  sometimes  slightly  concave  at  the 
cardinal  extremities.  Mesial  fold  rather  narrow,  rounded  prominent, 
and  strongly  defined,  sometimes  a  little  flattened  on  the  middle. 
The  surface  is  marked  by  six  and  rarely  seven  strongly  rounded 
ribs  on  each  side  of  the  mesial  fold  and  sinus.  The  ribs  gradually 
decrease  in  size  and  prominence  from  the  center,  and  the  outer  ones 
are  often  scarcely  elevated  in  young  or  medium  sized  individuals. 
The  entire  surface  is  marked  by  lamellose  concentric  striae  giving  a 
papillose  or  subfimbriate  aspect  at  their  junction.  It  usually  hap- 
pens however  that  the  surface  is  smooth  from  partial  exfoliation. 
In  the  Schoharie  grit,  the  cast  of  the  ventral  valve  shows  a  somewhat 
narrow  muscular  area,  with  the  sides  subparallel  for  half  their  length 
and  contracting  below.  There  are  faint  indications  of  a  median 
crest.  In  the  interior  of  a  veniral  valve  from  the  Corniferous  lime- 
stone, PI.  28,  fig.  23,  the  muscular  area  is  broad  and  rounded,  with 
a  distinct  median  crest.  A  cast  of  the  dorsal  valve  shows  rather 
shallow  teeth  sockets,  with  a  strong  callosity  between  them  and  the 
fissure,  while  the  apex  is  marked  by  muscular  impressions." 

This  species  is  very  rare. 

Formation  and  locality, 

Sellersburg  beds;  Charlestown  and  Falls  of  the  Ohio. 

Spirifer  iaivetim  Owen. 

Sp.  pennata  Hall,  Geol.  Surv.  of  Iowa,  I,  Pt.  II,  1858,  pp.  5-10, 
PL  5,  fig.  1. 

HalVs  t/e5cri;?/ton.— "Shell  variable  in  form  from  subglobose  to 
transverse  and  broadly  triangfular,  often  inequilateral;  hinge  line  ex- 
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This  variety  was  illustrated  by  White  (Bept.  Ind.  Geol.  Surv.  1880, 
PL  4,  figs.  10-11)  but  no  attention  was  called  to  the  difference  be- 
tween it  and  the  ordinary  form. 

Formation  and  locality, 

Jeflfersonville  limestone;  Falls  of  the  Ohio. 

Spirifer  grieri  Hall. 
Pi.viii.flff.e. 

Sp.  grieri  Hall,  Pal.  N.  Y.,  1867,  Vol.  IV,  p.  194,  PI.  37,  f\^.  29; 
PL  28,  figs.  17-23. 

HalVs  description. — "Shell  gibbous,  transversely  oval  or  subquad- 
rilateral,  sometimes  longitudinally  ovate,  the  proportions  of  length 
and  breadth  being  variable;  hinge  line  usually  shorter  than  the 
width  of  the  shell,  with  the  cardinal  extremities  rounded;  valves 
eubequally  convex.  Ventral  valve  gibbous  or  ventricose,  most  convex 
above  the  middle  and  nearly  opposite  the  center  of  the  hinge  line 
and  sloping  very  abruptly  to  the  lateral  margins;  sometimes  regu- 
larly arcuate  in  the  entire  length  and  often  arched  in  the  upper 
part  and  nearly  straight  below.  Umbo  prominent  and  much  elevated 
above  the  hinge  line;  beak  more  or  less  extremely  incurved  over  the 
high  arcuate  area  which  has  a  length  of  from  one-half  to  two-thirds 
the  width  of  the  shell;  mesial  sinus  wide  and  deep,  subangular  in  the 
lower  part.  Dorsal  valve  regularly  arcuate,  the  greatest  convexity 
near  the  middle  and  regularly  curving  to  the  lateral  margins;  mesial 
fold  prominent  sometimes  rounded  but  usually  more  or  less  distinctly 
angular;  beak  small,  slightly  incurved  over  a  n(>arly  vertical  narrow 
area.  Surface  marked  by  six,  eight  or  ten  more  or  less  rounded 
simple  plications  on  each  side  of  the  mesial  fold  and  sinus;  while 
there  are  three  or  four  distinct  bifurcating  or  dichotomous  plications 
upon  the  fold  or  sinus,  giving  six  or  seven  at  the  margin  of  the  shell. 
In  perfect  specimens,  the  surface  is  covered  by  fine  concentric  lamel- 
lose  striae  which  arc  crossed  by  delicate  radiating  striae.  This 
species  is  distinguished  from  most  of  the  allied  forms  by  its  simple 
strong  plications  on  each  side  the  niosial  fold  and  sinus,  while  those 
occupying  the  latter  are  smaller  and  bifurcating.  Sometimes  the 
middle  plication  on  the  mesial  fold  is  simple,  in  which  case  the  fold 
is  quite  angular;  while  in  other  instances  it  bifurcates,  leaving  a 
longitudinal  depressed  line  in  the  middle,  giving  it  a  more  rounded 
outline.  Tt  is  only  in  specimens  which  have  suffered  no  injury  by 
wearing  or  exfoliation,  that  the  fimbriate  appearance  of  the  con- 
centric markings  is  visible.    In  some  of  the  larger  or  older  individuals 
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tfie  plications  are  low  and  gently  rounded.  In  other  specimens  they 
are  prominent,  while  from  exfoliation  they  often  become  angular 
and  more  conspicuous;  and  the  same  appears  to  be  true  of  the 
dichotomous  plications  of  the  mesial  fold  and  sinus.  In  two  or 
three  instances  I  have  noticed  in  the  casts  a  partial  bifurcaton  of  one 
or  two  of  the  lateral  plications.  In  some  of  the  casts  or  partial  casts, 
the  plications  on  the  fold  or  sinus  appear  to  be  partly  or  entirely 
obsolete.  The  interior  of  the  valve  is  unknown." 
ITiis  is  a  rare  species. 

Formation  and  locality. 
Jeffersonville  limestone;  Paris  Crossing  and  Falls  of  the  Ohio. 

Sjpirifer  davisi  Nettleroth. 

PI.  IX,  figs.  8, 8a. 

Sp.  davisi  Nett.,  Ky.  Foss.  Shells,  1889,  p.  112,  PI.  12,  figs.  1-4. 

Nettleroth's  original  description. — "The  shell  is  semicircular  or  sub- 
quadrate  and  gibbous.  Hinge  line  equal  or  longer  than  the  greatest 
width  of  the  shell.  Cardinal  extremities  acute  and  mostly  somewhat 
acuminate.  Surface  strongly  plicated.  Ventral  valve  considerably 
more  gibbous  than  the  dorsal  valve,  regularly  arcuate  from  beak  to 
front;  greatest  convexity  at  or  a  little  above  middle,  and  curving 
gently  to  the  sides  and  front  except  at  the  cardinal  angles,  which 
are  somewhat  flattened;  beak  much  elevated  above  that  of  the 
opposite  valve,  and  arching  over  the  fissure,  but  scarcely  incurved. 
Cardinal  area  high  and  concave,  and  reaching  to  the  cardinal  extrem- 
ities. Mesial  sinus  is  broad  and  rounded  and  reaches  quite  to  the 
apex.  Dorsal  valve  gibbous,  most  convex  in  the  middle,  flattened  or 
a  little  concave  towards  the  cardinal  extremities.  The  mesial  fold 
is  very  prominent,  rounded  and  regularly  arcuate;  it  has  a  faint  im- 
pression extending  from  beak  to  middle  of  valve.  The  beak  is  small 
and  arched  over  the  linear  area.  Surface  is  marked  by  six  to  eight 
rounded  or  subangular  plications  on  each  side  of  the  mesial  fold 
and  sinus.  The  shell  is  smooth  with  the  exception  of  the  front 
part  which  is  marked  by  from  [\\q  to  seven  strong  concentric  imbri- 
cating lines  of  growth,  which  reach  to  the  cardinal  angles  and  which 
give  to  the  shell  its  peculiar  beautiful  front  view.  Such  imbricated 
front  is  only  noted  in  Sp.  greyaria  and  Sp.  mucronata,  in  both  of 
which  it  is  less  regular  and  less  prominent.  Interior  of  shell  is 
unknown. 

"The  specimens  so  far  found  show  great  similarity  in  form,  also 
in  size;  they  measure  from  one  inch  to  one  inch  and  a  quarter  in 
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width,  by  from  three-fourths  to  seven-eighths  of  an  inch  in  length. 
This  species  is  related  to  Sp,  raricosta  and  Sp.  gregatia.  From  the 
former  it  differs  in  its  greater  number  of  plications;  its  somewhat 
acuminate  cardinal  extremities;  its  longer  and  more  elevated  hinge 
area,  and  by  its  peculiar  imbricated  front.  From  Sp,  gregaria  it  is 
distinguished  by  its  larger  size,  by  its  smooth  shell,  by  its  greater 
width,  and  by  its  less  prominent  umbo,  and  also  by  its  more  marked 
imbricated  front/^ 
This  species  is  rare. 

Formation  and  locality. 
Jeffersonville  limestone;  Ijancaster  and  Falls  of  the  Ohio. 

Spirtfer  grantUosus  (Con.). 

Pl.IX,fiff8.2,2ii,2b. 

Sp.  oweni  Hall,  Pal.  N.  Y.,  1867,  Vol.  IV,  p.  197,  PI.  29,  figs.  1-8. 

UalVs  description. — "Shell  more  or  less  ventricose  in  its  different 
stages  of  growth,  somewhat  transversely  oval,  semielliptical  or  sub- 
quadrate;  hinge  line  about  equal  to  the  width  of  shell;  cardinal  ex- 
tremities rounded  or  subangular.    Surface  plicated. 

"Ventral  valve  scarcely  so  gibbous  as  the  dorsal  valve,  its  greatest 
convexity  about  the  middle  of  its  length,  and  curving  regularly  to  the 
margins;  beak  much  elevated  above  that  of  the  opposite  valve  and 
arching  over  the  fissure  but  scarcely  incurved;  mesial  sinus  shallow 
concave,  usually  well  defined  and  reaching  distinctly  to  the  apex. 
Area  high  concave  elevated  and  continuing  to  the  hinge  extremities; 
foramen  large,  reaching  to  the  apex  and  sometimes  partially  filled 
by  the  thickening  of  the  dental  plates.  Dorsal  valve  the  more  gib- 
bous, the  greatest  convexity  in  the  middle  and  curving  regularly  to 
the  front  and  lateral  margins  and  usually  a  little  flattened  or  concave 
towards  the  cardinal  extremities;  mesial  fold  prominent,  rounded, 
with  a  longitudinally  depressed  line  along  the  middle.  Area  narrow, 
vertical  or  in  the  plane  of  the  longitudinal  axis.  The  surface  is 
marked  by  from  fifteen  to  seventeen  rounded  or  subangular  plica- 
tions on  each  side  of  the  mesial  fold  and  sinus:  and  these  are  crossed 
by  distinct  concentric  striae,  which  become  strongly  imbricating,  or 
are  marked  in  strong  imbricating  lines  of  growth  toward  the  margin. 
In  well  preserved  specimens  there  are  distinct  radiating  striae.  In 
many  of  the  silicified  specimens,  however,  both  the  radiating  and 
concentric  striae  are  partially  or  entirely  obliterated.  The  interior 
of  the  ventral  valve  shows  two  short  and  rather  strong  teeth,  with 
the  ventral  portion  quite  solid.    The  dental  plates  reaching  to  the 
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bottom  of  the  cavity  of  the  shell,  curve  slightly  outwards  and  par- 
tially enclose  an  oval  muscular  area  which,  in  its  upper  part  is  divided 
by  a  short  prominent  median  crest.  In  some  silicified  specimens  the 
conical  spires  are  partially  preserved.  The  crura  are  widely  sep- 
arated at  their  bases  and  converging  somewhat  abruptly,  curve  into 
the  dorsal  valve,  making  twelve  or  more  turns,  and  producing  a 
short,  strong  spire.  In  well  preserved  specimens  the  mesial  fold  and 
sinus  are  usually  sharply  defined,  but  in  some  of  the  more  gibbous 
forms  the  sinus  is  very  broad  and  one  or  two  of  the  plications  on 
each  side  are  involved  in  the  sides  of  the  depression;  at  the  same 
time  the  mesial  fold  is  very  prominent,  rounded,  and  sloping  almost 
imperceptibly  into  the  general  contour  of  the  convexity  of  the  valve." 
This  species  frequently  has  as  many  as  twenty  plications  on  each 
side  of  the  fold  and  sinus.  The  spires  are  pointed  toward  the  cardi- 
nal extremities  at  an  angle  of  about  45  degrees  to  each  other.  In 
six  specimens  irj  Mr.  Ureen's  collection,  the  number  of  coils  in  the 
spire  varies  from  18  to  21.  Tliis  is  one  of  the  most  abundant  species 
in  the  'T-ement  rock"  of  southern  Indiana. 

Formation  and  locality, 

Sellersburg  beds;  Sellersburg,  Watson,  Charlestown,  Utica,  Falls 
of  the  Ohio,  I^exington  and  Paris  Crossing. 

Spirtfer  famacula  Hall. 

S.  euruteines  TIall,  Pal.  X.  Y.,  ISCT,  Vol.  IV,  p.  209,  PL  31, 
figs.  14-19. 

llalVs  (lesrripfion. — "Shell  seniielliptical;  length  and  ])readth  about 
as  six  to  ten;  hinge  line  equal  to  the  grwitest  width  of  the  shell. 
Surface  ]>licate.  Ventral  valve  subpyramidal,  the  elevation  being 
equal  to  nearly  half  the  width,  curving  abruptly  and  t*qually  to  the 
front  and  lateral  margins;  the  distance  from  the  apex  to  the  cardinal 
extremity  and  to  the  front  of  the  shell  being  about  equal.  Apex 
sometimes  projecting  slightly  over  the  area;  medial  sinus  shallow, 
well  defined,  and  reaching  to  the  apex,  sometimes  a  little  flattened  in 
the  bottom.  Area  extremely  elevated,  nearly  flat  or  slightly  concave 
above;  fissure*  large  and  open  to  the  apex,  the  length  of  the  sides 
b(»ing  about  once  and  a  half  the  width  of  the  base.  Dorsal  valve 
moderatelv  and  evenly  convex  with  a  well  defined  low  rounded  mesial 
fold;  ])eak  and  margins  of  the  valve  in  the  middle  slightly  arched. 
Area  narrow  at  the  sides,  ])ut  having  the  width  of  a  line  in  the 
middle.  Surface  marked  by  from  sixteen  to  twenty  plications  on 
each  side  of  the  mesial  fold  and  sinus;  these  plications  are  rounded 

41-Qeol. 
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and  well  defined;  about  eight  of  them  reach  the  apex  on  the  ventral 
valve,  and  the  remainder  coalesce  with  the  angular  border  of  the 
area.  In  perfect  specimens  the  entire  surface  has  been  covered 
by  fine  concentric  undulating  striae,  which  are  crossed  by  fine  radi- 
ating striae.  The  remains  of  these  upon  some  silicified  specimens 
give  a  granulose  surface.  The  length  of  full  grown  individuals  is 
a  little  more  than  three-fourths  of  an  inch  with  a  width  of  about 
an  inch  and  three-eighths;  the  height  varies  from  three-fourths  of 
an  inch  to  a  little  less.^' 

Hall  (loseribed,  under  the  name  of  S.  eurnieines  var.  fornacula^  a 
varieiy  of  this  species  from  the  Bake  Ovon,  Illinois,  which  is  char- 
acterized by  the  incurving  of  the  upper  part  of  the  area.  This 
variety  is  very  common  in  Indiana. 

The  height  of  the  area  varies  considerably;  in  some  of  the  higher 
forms  it  is  contained  in  the  length  of  the  ventral  valve  one  and  two- 
third  times,  while  in  the  flat  lower  types  the  length  of  the  ventral 
valve  is  equal  to  two  and  a  half  times  the  height  of  the  area. 
S.  euruteines  is  always  associated  with  Sp.  granulosus  in  southern 
Indiana  and  is  nearly  as  abundant. 

Formation  and  locality, 

Sellersburg  beds  and  Jefl'ersonville  limestone;  Falls  of  the  Ohio, 
Charlestown,  Lexington,  Lancaster,  Watson,  Sellersburg,  Kent,  Pipe 
(^reek  Falls. 

Spirifer  manni  Hall. 

PI.  X,  fiflTB.  1,  la. 

Rp.  manni  Hall,  Pal.  N.  Y.,  1807,  Vol.  IV,  p.  211,  Fl.  31,  figs. 
20-30. 

Hall's  description. — ^*Shell  semielliptical  or  subquadrate;  valves 
very  unequally  convex;  hinge  line  equal  to  the  greatest  width  of  the 
shell;  cardinal  extremities  angular,  and  sometimes  produced  in  acute 
extensions.  Ventral  valve  sub])yraniidal,  the  height  often  nearly 
e(|ual  to  two-thirds  the  length;  greatest  elevation  at  Uie  apex  and 
tlienee  curving  to  the  front  and  lateral  margins;  mesial  sinus  angular 
above,  and  rounded  or  flattened  toward  the  front;  margins  angular 
and  sharply  deflned.  Area  large  and  high,  flat  and  inclined  a  little 
biUfk wards  or  slightly  concave;  foramen  large  and  open  to  the  apex. 
Dorsal  valve  more  or  less  gibbous  and  sometimes  only  moderately 
convex,  curving  to  the  front  and  lateral  margins,  and  a  little  flat- 
tened at  the  cardinal  extremities;  mesial  fold  moderately  elevated, 
strongly  defined  and  flattened  or  concave  on  the  summit;  the  beak 
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and  adjacent  portion  of  the  margin  is  more  or  less  arcuate^  and 
the  area  is  concave  for  more  than  half  its  length  on  each  side  of 
the  center.  The  surface  is  marked  by  ten  or  twelve  plications  on 
each  side  of  the  mesial  fold  and  sinus;  the  plications  rounded  or 
subangular  and  sometimes  subnodose  on  exfoliation.  Portions  of 
the  shell  preserved  on  some  of  the  specimens,  show  strong  lamcllose 
concentric  striae,  with  faint  radiating  striae.^' 

This  shell  is  very  closely  related  to  Sp.  fomacula.  It  has  a  more 
angular  sinus  and  fewer  striae  than  that  species.    It  is  a  rare  fossil. 

Formation  and  locality. 
JefTersonville  limestone;  Falls  of  the  Ohio. 

Spirifer  ^egmejitum  Hall. 

PI.  IX.  figs.  7, 7a. 

Sp.  sogmcnta  Hall,  Pal.  N.  Y.,  1867,  Vol.  IV,  p.  207,  Pi.  31, 
figs.  14-19. 

Hairs  description, — "Shell  transverse  semioval;  length  less  than 
half  the  width;  hinge  line  equaling  the  greater  width  of  the  shell, 
amd  terminating  in  salient  angles.  Surface  plicate.  Ventral  valve 
much  elevated,  subpyramidal,  most  prominent  at  the  beak,  which 
is  not  incurved;  sinus  strongly  defined,  shallow  and  nearly  flat  in 
the  bottom,  with  the  sides  straight,  giving  a  triangular  form  in  which 
the  sides  are  about  once  and  a  half  as  long  as  the  base.  Area  very 
large  with  sharply  angular  margins  a  little  inclined  forward,  and 
nearly  of  the  same  size  as  the  exterior;  the  fissure  is  high  and  large, 
being  nearly  of  the  same  dimensions  as  the  mesial  sinus.  Dorsal 
valve  depressed  convex  and  flattened  toward  the  cardinal  extremities, 
larger  than  the  ventral  valve,  semielliptical  in  form  with  a  low  but 
shar])ly  defined  mesial  fold  which  is  barely  flattened  upon  the  sum- 
mit. The  proj)ortion8  in  height  of  area,  length  of  dorsal  and  length 
of  ventral  valves  is  about  as  five,  six  and  seven.  Surface  marked 
by  twenty  or  more  simple  rounded  (or  subangular)  plications  on 
each  side  of  the  mesial  fold  and  sinus,  the  lateral  ones  of  which  do 
not  reach  the  beak,  but  run  out  along  the  margin  of  the  valve.  In 
its  perfect  condition  the  shell  has  been  marked  by  fine  concentric 
striae,  traces  of  which,  are  still  preserved,  together  with  stronger  im- 
bricating lines  of  growth." 

Tills  is  a  verv  common  shell  in  southern  Indiana. 

In  sj)e(iinens  which  have  been  studied  from  southern  Indiana  the 
inclination  of  the  area  to  the  plane  passing  through  the  margins  of 
the  two  valves  varies  between  60  degrees  and  75  degrees.    A  specimen 
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from  northern  Indiana  shows  an  angle  of  58  degrees,  the  lowest 
noted. 

This  species  is  very  closely  related  to  Sp,  angustus  if  not  identical 
with  it;  but  I  have  seen  no  specimens  in  Indiana  with  the  extremely 
mucronate  hinge  extremities  sliown  in  Halt's  figures  of  Sp.  angustus, 

Fonnaiion  and  locality, 

Sellersburg  beds  and  Jeffersonville  limestone;  P'alls  of  the  Ohio, 
Charleetown,  Sellersburg,  Kent,  Lexington  and  Pipe  Creek  Falls. 

Spirifer  varicomis  Hall 
PI.  IX.  tig,  3. 

Sp.  varicosa  Hall,  Pal.  X.  Y.,  1867,  Vol.  IV,  p.  205,  PI.  31,  figs.  1-4. 

HalVs  description. — **Shell  somewhat  semicircular  or  semielliptical; 
length  equaling  or  less  than  half  the  width;  hinge  line  equal  to  the 
greatest  width  of  the  shell,  and  terminating  in  salient  angles  or 
mucronate  extensions.  Surface  plicated.  Ventral  valve  much  the 
more  convex;  greatest  elevation  at  the  umbo,  and  regularly  curving 
to  the  front  and  lateral  margins;  mesial  sinus  strongly  defined,  rather 
flat  in  the  bottom;  beak  slightly  arcuate.  ArcA  high,  nearly  Hat 
below  and  slightly  concave  towards  the  apex.  Dorsal  valve  moder- 
ately convex  with  a  prominent  abruptly  elevated  mesial  fold,  which 
is  flattened  on  the  summit  and  sometimes  slightly  depressed  along 
the  center;  the  ])eak  ])rojecting  a  little  above  the  hinge  line,  and 
with  a  narrow  area  gently  incurved,  llic  surface  is  marked  by  from 
eight  to  ten  simple  and  somewhat  al)ru])tly  elevated  })lications  on 
each  side  of  the  mesial  fold  and  sinus;  these  are  crossed  by  strong 
lamellose  im])ricating  lines  of  growth,  which  give  a  varicose  char- 
acter to  the  surface,  and  where  the  sh(»ll  is  exfoliat(»d  the  plications 
are  nodose.  In  some  specimens  distinct  tine  radiating  striae  can  be 
observed.  There  is  often  a  retral  curving  of  the  striae  in  the  centre 
of  the  mesial  sinus,  and  sometimes  a  slight  elevation  along  that  line." 

This  is  a  vcrv  common  little  shell. 

Fonnaiion  and  locality. 

Sellersburg  beds  and  Jetfersonville  limestone;  throughout  the  De- 
vonian area. 

Spirifer  hymesi  Nettleroth. 

PI.  IX,  figs.  6,  Ga. 

Sp.  byrnesi  Xett.,  Ky.  Foss.  Shells,  1889,  p.  109,  PI.  10,  figs.  1-5, 

;n-34,  3r)-39. 

Xettleroth\s  original  deairription. — *\Shell  subquadrate,  semicircular 
and  gibbous  in  outline;   hinge  line  equaling  greatest  width  of  shell 
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and  torminating  in  salient  angles.  Surface  plicate.  Ventral  valve 
ventricose  and  only  a  little  more  gibbous  than  the  other  valve;  regu- 
larly arcuat<i  from  beak  to  front;  greatest  convexity  in  the  upper 
part  a  little  above  the  middle  from  where  it  curves  regularly  to  the 
front  and  sides;  beak  much  elevated  above  the  hinge  line  and  slightly 
arcuate.  Cardinal  area  high  concave  and  extending  to  the  cardinal 
angles  where  it  never  forms  art  acute  angle,  but  shows  always  a 
height  of  from  one-quarter  to  one-half  a  line,  a  feature  which  is  not 
suffici(»ntly  oxpr(?ssed  in  the  figures  on  plate  10.  Mesial  sinus  sharply 
defined,  forming  a  deep  triangular  groove,  \^'ith  an  acute  angle  at  the 
bottom,  much  produced  in  front;  fissure  of  medium  size.  Dorsal 
valve  gibbous  with  a  greatly  elevated  mesial  fold,  which  is  edged  in 
its  upper  part  and  rounded  below;  beak  little  elevated  and  slightly 
inclined  over  a  narrow  hinge  area.  Surface  marked  by  from  eight 
to  ten  very  prominent  and  angular  plications  on  each  side  of  the 
mesial  fold  and  sinus  which  are  crossed  by  strong  imbricating  con- 
centric lines  of  growth,  showing  more  prominently  in  front  than  in 
upper  portion  of  shell.  Of  the  plications  the  lateral  ones  do  not 
reach  to  tbe  beak,  but  run  out  on  the  margins  of  the  cardinal  area. 
The  dimensions  of  this  species  are  as  follows:  It  measures  from  one- 
half  to  three-fourths  of  an  inch  in  length  and  from  three-fourths  to 
sevcMi-eightbs  of  an  inch  in  width;  ii,s  width  always  exceeds  its  length. 
This  species  takes  an  intermediate  position  between  Sp.  gregaria  and 
*^7'.  varicoso :  it  is  more  transverse  than  the  former  and  less  so  than 
the  latter;  its  umbo  is  less  elevated  find  curved  than  that  of  gregaria 
and  more  so  than  that  of  varirosa:  its  deeper  and  sharply  angular 
sinus  and  its  more  elevated  fold,  distinguish  it  from  both  of  its  rela- 
tions. It  is  a  well  marked  and  easily  recognized  species." 
This  is  a  verv  abundant  shell. 

Formation  and  locality. 

Sellersburg  beds  and  »lelfersonvillc  limestone;  throughout  the  De- 
vonian area. 

Hpirifer  varicosa  var.  Iiobbd  (Nettlerotb). 

Sp.  hobbi  Nettlerotb,  Ky.  Foss.  Shells,  1889,  p.  121,  PI.  10,  figs. 
21,  22,  20-30,  35-40. 

An  examination  of  the  type  specimens  of  Nettleroth's  Sp.  hohbsi 
indicates  that  the  only  difference  })etween  it  and  Sp.  varicosa  is  in 
the  charact^T  of  the  sinus;  the  sinus  in  hohh'ti  is  rather  sharply  angu- 
lar, while  in  varicosa  it  is  usually  rounded  or  flattish.  This  character 
is  variable  in  Sp.  varicosa;  sometimes   the  sinus  approaches  the 
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angular  type  and  sometimes  a  partially  developed  plication  occupies 
the  bottom  of  it. 

This  variety  is  not  very  common. 

Formation  and  locality, 

Sellersburg  beds;  Falls  of  the  Ohio. 

Spiriferarcli^e,Uummn. 

Sp.  arctisegmenta  Hall,  Pal.  N.  Y.,  1867,  Vol.  IV,  p.  208,  PL  31, 
figs.  9,  10. 

HalVs  description. — "Shell  transversely  semioval;  length  less  than 
one-third  the  width;  hinge  line  equal  to  the  greatest  width  of  the 
shell,  and  terminating  in  mucronate  points.  Ventral  valve  the  more 
convex,  most  prominent  at  the  umbo  from  which  it  slopes  regularly 
to  the  anterior  and  lateral  margins;  mesial  sinus  angular,  and  dis- 
tinctly defined  quite  to  the  apex  of  the  shell;  beak  not  incurved. 
Area  flat,  a  little  inclined  forwards,  striated  longitudinally,  fissure 
narrow  and  open  to  the  apex.  Dorsal  valve  depressed  convex, 
scarcely  flattened  towards  the  cardinal  extremities;  the  beak  and 
central  portion  of  the  shell,  together  with  the  linear  area,  slightly 
incurved.  The  surface  of  the  ventral  valve  is  marked  by  eight  or 
nine  angular  plications,  which  are  slightly  curved  towards  the  front 
and  about  three  of  them  only  reaching  the  apex;  the  remaindei 
coalesce  with  an  elevated  ridge  which  borders  the  area.  The  plica- 
tions on  the  dorsal  valve  are  pretty  dircft.  the  greater  part  of  them 
terminating  in  the  margin  at  a  distance  from  the  beak.  Fine  close 
concentric  striae  mark  the  entire  surface." 

This  is  a  rare  species. 

Formation  and  locality. 

Sellersburg  bods;  Kent  and  Falls  of  the  Ohio. 

Spirifer  a  udaculuK  ( Con  rad ) . 
PI.  VIII,  fig.  4. 

This  species  is  <-]osoIy  allied  to  Sp.  foniacvla. 

Only  a  few  well  preserved  specimens  have  been  seen;  these  have 
the  fold  and  sinus  and  plications  marked  by  fine  closely  arranged 
striae,  with  a  thread-like  groove  along  the  middle  of  each  plication. 

Formation  and  locality. 
Sellersburg  beds;  Watson, 
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SpirifeT  duodenarius  (Hall). 

PI.  IX,  flg.  10. 

Sp.  duodenaria  Hall,  Pal.  N.  Y.,  1867,  Vol.  IV,  p.  189,  PL  27, 
figs.  13-16;  PI.  28,  figs.  21-33. 

HalVs  description, — "Shell  transverse  semicircular;  hinge  line 
equaling  the  greatest  width  of  the  shell;  cardinal  extremities  obtuse 
or  acute,  rarely  acuminate.  Valves  subcqually  convex;  area  very 
narrow.  Surface  plicated.  Ventral  valve  moderately  gibbous,  arcu- 
ate, compressed  towards  the  cardinal  extremities.  Mesial  sinus  of 
moderate  width  and  depth,  rounded  or  slightly  flattened  on  the 
bottom;  umbo  prominent,  the  beak  small  neatly  curved  over  a  wide 
triangular  fissure,  and  reaching  to  within  half  a  liae  of  the  umbo  of 
the  opposite  valve;  area  concave,  sublinear,  a  little  wider  on  each 
side  near  center.  Dorsal  valve  regularly  convex,  a  little  gibbous 
in  the  middle,  and  flattened  or  sometimes  slightly  concave  at  the 
cardinal  extremities.  Mesial  fold  rather  narrow,  rounded  prominent, 
and  strongly  defined,  sometimes  a  little  flattened  on  the  middle. 
The  surface  is  marked  by  six  and  rarely  seven  strongly  rounded 
ribs  on  each  side  of  the  mesial  fold  and  sinus.  The  ribs  gradually 
(.leerease  in  size  and  prominence  from  the  center,  and  the  outer  ones 
are  often  scarcely  elevated  in  young  or  medium  sized  individuals. 
The  entire  surface  is  marked  by  lamellose  concentric  striae  giving  a 
papillose  or  subfimbriate  aspect  at  their  junction.  It  usually  hap- 
pens however  that  the  surface  is  smooth  from  partial  exfoliation. 
In  the  Schoharie  grit,  the  cast  of  the  ventral  valve  shows  a  somewhat 
narrow  muscular  area,  with  the  sides  subparallel  for  half  their  length 
and  contracting  below.  There  are  faint  indications  of  a  median 
crest.  In  the  interior  of  a  ventral  valve  from  the  Corniterous  lime- 
stone, PI.  28,  fig.  23,  the  muscular  area  is  broad  and  rounded,  with 
a  distinct  median  crest.  A  cast  of  the  dorsal  valve  shows  rather 
shallow  teeth  sockets,  with  a  strong  callosity  between  them  and  the 
fissure,  wliilc  the  apex  is  marked  by  muscular  impressions." 

This  species  is  very  rare. 

Formation  and  locality. 

Sellersburg  beds;  Charlestown  and  Falls  of  the  Ohio. 

Spirifer  ioivetmB  Owen. 

Sp.  penuata  Hall,  Oeol.  Surv.  of  Iowa,  I,  Pt.  II,  1858,  pp.  5-10, 
PI.  5,  fig.  1. 

UalVs  de5cri/?^ton.— "Shell  variable  in  form  from  subglobose  to 
transverse  and  broadly  triangular,  often  inequilateral;  hinge  line  ex- 
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tremely  extended  in  wing-like  expansions;  valves  often  nearly  equally 
convex.  Ventral  valve  very  gibbous  in  the  middle  and  on  the  umbo; 
beak  much  elevated  above  the  hinge  line,  more  or  less  pointed  and 
slightly  incurved;  mesial  sinus  strongly  defined  at  the  margins, 
widely  spreading  towards  the  base,  and  produced  in  an  angular  ex- 
tension in  front;  area  concave  and  very  large,  extending  to  the 
extremities  of  the  hinge  line,  striated  vertically  and  longitudinally; 
foramen  large  and  open  to  the  apex,  and  forming  an  equilateral  tri- 
angle. Dorsal  valve  very  gibbous  in  the  middle  and  upon  the  umbo 
which  is  abruptly  incurved;  regularly  curved  towards  the  baso-lateral 
margins,  and  more  or  less  compressed  towards  the  lateral  extremities; 
mesial  fold  strongly  elevated,  sometimes  a  little  flattened  on  the 
top,  and  often  subangular  towards  the  front  and  slightly  depressed 
on  each  side.  Surface  marked  by  fourteen  to  twenty-six  or  more 
rounded  plications  on  each  side  of  the  mesial  fold  and  sinus;  those 
near  the  center  to  the  number  of  ten  or  twelve  being  much  stronger 
than  those  upon  the  extremities,  which  become  finally  very  slender. 
Plications  crossed  by  closely  arranged  concentric  undulating  lamellae 
of  growth;  and  the  entire  surface  in  ])erfect  specimens  ornamented 
by  slender  radiating  striae  which  become  granulose  at  their  junction 
with  the  concentric  striae." 

I  have  not  seen  any  perfect  specimens  of  this  shell. 

Formation  and  locality. 

Sellersburg  beds;  Paris  (/rossing.  Watson,  Falls  of  the  Ohio. 

Spirifer  viaceonathei  Nettleroth. 

Sp.  macconathei  Nctt.,  Ky.  Foss.  Shells,  1889,  p.  123,  PI.  11,  figs. 
1-5. 

NettJerotlis  dcscripi'wn. — *'Shcll  transverse,  triangular  or  semiellip- 
tical;  hinge  line  imich  extended,  cxtreniitics  often  niucronate;  valves 
unequal  in  fle]>th;  area  large  surface  ])lieate.  Ventral  valve  elevated 
at  the  beak;  abruptly  sloping  io  the  front  and  lateral  margins,  but 
with  little  convexity.  Area  one-third  as  high  as  long,  and  only 
slightly  concave;  fissure  about  twice  as  high  as  wide,  and  reaching  to 
apex  of  valve;  beak  minute.  Mesial  sinus  well  defined  but  shallow 
and  flattened  at  the  bottom,  with  subangular  margins  rapidly  widen- 
ing toward  the  front,  where  it  is  somewhat  produced.  Dorsal  valve 
de])resv«ed  convex,  most  convex  in  the  middle;  cardinal  extremities 
often  inflected;  beak  not  ])rominent,  incurving  over  the  linear  area. 
Mesial  fold  well  defined  and  roimded,  but  flattened  on  top  toward 
the  front.     Surface  marked  by  from  eighteen   to   twenty  simple 
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rounded  plications  on  each  side  of  the  mesial  fold  and  sinus;  only  a 
few  of  these  ribs  reach  to  the  beak,  the  others  run  out  on  the  margins 
of  the  cardinal  area.  This  species  agrees  in  many  points  with  Prof. 
Hall's  description  of  Sp.  macronaia,  in  Pal.  N.  Y.,  Vol.  IV,  p.  231, 
but  it  differs  by  its  smaller  number  of  ribs  which  in  this  species 
never  exceed  twenty  while  mncronnta  has  from  twenty-five  to  thirty- 
five.  The  area  of  macronaia  is  straight  while  that  of  maccon<ithei 
is  always  concave,  and  the  surface  of  the  last  species  is  generally 
smooth,  while  the  surface  of  the  former  is  covered  by  several  lamel- 
lose  im})ricating  lines  of  growth." 

I  have  not  seen  this  species.    Nettleroth  reports  it  to  be  rare. 

Fonnaiion  and  locality. 

Sellersburg  beds;  Falls  of  the  Ohio. 

Spirifer  pennalus  (Atwater). 

Pl.VIII,fiff8.1,2,2a. 

Sp.  mucronata  Hall,  Pal.  N.  Y.,  Vol.  IV,  1867,  p.  216,  PL  34, 
figs.  1-32. 

Hall's  description  in  part, — "Shell  more  or  less  gibbous,  semicir- 
cular, somioval  or  triangular  in  outline;  cardinal  angles  sometimes 
truncate  but  usually  extended  and  oft<^n  extremely  prolonged  into 
mucronatc  points,  giving  a  length  of  hinge  line  two,  three  or  four 
times  as  great  as  the  shell;  sides  straight  or  curving,  the  front 
straight  or  concave.  Ventral  valve  often  scarcely  more  convex  than 
the  dorsal.  })ut  in  very  gibbous  forms  becoming  more  unequal,  gently 
curving  to  the  lateral  margins.  The  beak  is  small  and  incurved  over 
the  narrow  linear  area;  the  mesial  sinus  is  sharply  defined  quite  to 
the  a])ex,  and  limited  by  angular  plications  which  are  stronger  than 
the  adjacent  ones.  The  prevailing  form  of  the  sinus  is  shallow  and 
rounded  in  the  bottom;  it  is  sometimes  flat  and  sometimes  with  a  fold 
in  the  center.  Dorsal  valve  moderately  convex,  sometimes  becoming 
gibbous.  The  sides  are  gently  curving,  and  usually  flattened  towards 
th(»  cardinal  margin;  the  mesial  fold  usually  prominent  and  well  de- 
fined, flat  or  rounded  above,  sometimes  with  a  median  groove  and 
again  angulated  in  the  middle.  The  beak  is  incurved  and  the  area 
extremely  narrow,  about  one-third  as  high  as  that  of  the  ventral 
valve.  Surface  marked  by  from  eight  or  ten  to  twenty  or  more  sub- 
angular  plications  on  either  side  of  the  mesial  fold  and  ainus;  the 
plications  arc  not  very  prominent  but  usually  well  defined,  flat  or 
rounded  above,  sometimes  with  a  median  groove  and  again  angulated 
in  the  middle.    The  beak  is  incurved  and  the  area  extremely  narrow. 
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about  one-third  as  high  as  that  of  the  ventral  valve.  Surface  marked 
by  from  eight  or  ten  to  twenty  or  more  subangular  plications  on 
either  side  of  the  mesial  fold  and  sinus;  the  plications  are  not  very 
prominent  but  usually  well  defined,  the  outer  half  of  the  number 
not  reaching  the  beak,  but  terminating  in  the  callosity  along  the 
area  margin.  The  plications  are  crossed  by  numerous  fine  lamellose 
striae  which  become  crowded  together  and  closely  imbricating 
towards  the  front  of  the  shell  and  sometimes  presenting  several 
interrupted  lines  of  growth." 

This  fossil  is  one  of  the  most  abundant  species  in  the  upper  De- 
vonian limestone  fauna  in  northern  Indiana.  The  specimens  do  not 
differ  in  any  respeot  from  the  New  York  specimens.  This  species  is 
unknown  in  southern  Indiana. 

The  appearance  of  the  specimens  of  this  fossil  in  the  State  Museum 
credited  to  Charlestown  would  indicate  that  they  came  from  some 
locality  outside  the  State.  They  have  a  very  different  appearance 
from  that  of  fossils  coming  from  that  locality.  No  collector  so  far  as 
I  am  aware  claims  to  have  found  this  species  in  southern  Indiana. 

Formation  and  locality. 

Sellersburg  beds;  Norway,  Delphi,  and  Little  Rock  Creek,  Cass 
County. 

Spirifer  macnis  Hall. 

PI.VIII,6gi'.3.3iv,3b,.V. 

Sp.  Maera  Hall,  Pal.  N.  Y.,  1807,  Vol.  IV,  p.  100,  PI.  27,  figs.  17-28. 

Shell  transversely  elongate,  the  hinge  lino  extending  somewhat 
bevond  sides  of  shell  nnd  the  cardinal  an  trios  usnallv  extended  in 
mucronato  points;  valves  about  equally  convex.  V(Mitral  valve  regu- 
larly convex  except  near  the  cardinal  extreniitios  where  it  is  some- 
what flattened.  Beak  small  and  slightly  incurved  over  tlu'  large  tri- 
angular fissure.  Area  rather  high  and  slightly  (toncave.  The  sinus 
is  broad  and  well  defined,  usually  rather  deep  and  angular  or  sub- 
angular  in  the  bottom;  in  some  specimens  it  is  comparatively  shallow 
and  somewhat  rounded  in  the  bottom.  Dorsal  valve  moderately 
convex  or  somewhat  gibbous  in  the  middle,  becoming  flattened  or 
concave  toward  the  cardinal  extremities.  Mesial  fold  well  developed, 
rounded  or  flattened  on  the  summit.  One  specimen  shows  a  slightly 
depressed  line  along  the  middle  of  the  flattened  fold.  Area  linear, 
beak  very  small.  Surface  marked  by  from  ten  to  16  slender  angular 
plications  on  each  side  of  the  fold  and  sinus.  Strong  concentric 
lamellose  striae  cover  the  entire  surface. 
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The  interior  of  the  ventral  valve  shows  short  strong  dental  plates 
partially  enclosing  a  deep  rather  narrow  muscular  area;  in  the  middle 
of  this  area  are  two  long  narrow  occlusor  impressions  separated  by  a 
low  and  narrow  median  ridge. 

The  interior  of  the  dorsal  valve  shows  two  teeth  projecting  into 
the  cavity  of  the  shell  nearly  at  right  angles  to  each  other,  and  sepa- 
rated from  the  cardinal  area  by  a  shallow  groove  on  the  outside  of 
each;  the  outer  surface  of  each  tooth  is  also  marked  by  a  shallow 
groove.  A  low  linear  ridge  extends  along  the  middle  of  the  shell 
half  way  to  the  front. 

The  specimens  figured  are  from  Mr.  G.  K.  Green's  collection.  This 
seems  to  be  a  rare  species. 

Formation  and  locality. 

Sellersburg  beds;  Charlestown. 

RrriCULARIA. 

A.     Rhell  Bubcircular,  surface  without  tubercles. 

b.     Mesial  sinus  with  two  plications.  li.  hnappiana. 

bb.     Mesial  sinus  without  plications.  li,  wabashemtie. 

A  A.     Shell  transverselj  subelliptical,  surface  curved,  with  tubercles. 

R,  fimbricUa, 

Reticularia  fimbriata  (Cunrad). 
Pl.VII,fi».ll. 

Spirifer  fimbriata  Hall,  Pal.  N.  Y.,  Vol.  IV,  1867,  p.  214,  PI.  33, 
figs.  1-11. 

llalVs  description. — "Shell  transversely  subelliptical,  gibbous; 
hinge  line  less  than  the  width  of  the  shell;  cardinal  extremities 
rounded.  Ventral  valve  gibbous  in  the  upper  half,  regularly  curving 
to  the  front  and  sitles;  sinus  well  defined,  usually  shallow  and 
rounded,  sometimes  deep  and  angular,  and  much  produced  in  front; 
beak  small  and  incurved  over  the  area,  which  is  high  and  concave, 
extending  about  half  the  entire  width  of  the  shell;  foramen  often 
limited  by  a  sharp  elevated  border  which  appears  to  be  a  projection 
of  the  dental  plates.  Dorsal  valve  gibbous  regularly  convex  on  the 
sides,  a  little  flattened  at  the  cardinal  extremities;  mesial  fold  ab- 
ruptly elevated  in  the  lower  part,  often  but  little  elevated  or  scarcely 
defined  in  the  upper  part;  beak  small,  slightly  arched  over  the  sub- 
linear  area,  which  is  somewhat  concave.  Surface  marked  by  from 
three  or  four  to  eight  or  nine  plications  on  each  side;  these  are 
crossed  by  imbricating  lamellose  striae,  which  are  sometimes  wide 
or  distant,  and  often  crowded.    The  cencentric  striae  are  studded 
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with  elongated  nodes  or  tubercles^  which  are  thus  arranged  in  par- 
allel bands  more  or  less  contiguous^  according  to  the  distance  of  the 
concentric  striae.  The  elongate  tubercles  may  perhaps  more  prop- 
erly be  regarded  as  interrupted  radiating  striae,  which  in  the  perfect 
condition  of  the  shell  have  doubtless  extended  in  slender  spines  or 
setae.  (They  are  termed  by  Mr.  Conrad  longitudinal  striae.)  The 
area  is  strongly  striated  vertically .^^ 

The  interior  of  the  ventral  valve  shows  a  well  marked  subovate 
muscular  area  with  thin  dental  plates  at  the  sides  and  a  low  median 
septum  extending  the  length  of  the  muscular  area.  The  interior  of 
the  dorsal  valve  shows  well  developed  teeth  sockets  projecting  ob- 
liquely into  the  cavity  of  the  valve. 

This  is  a  rather  common  species  in  northern  Indiana,  less  common 
in  southern  Indiana. 

Formation  and  locality. 

Sellersburg  beds  and  Jeffersonvillo  limestone;  Bunker  Hill,  Little 
Rock  Creek  and  Charlestown. 


Reti4mlarxa  knappianum  Nettlerotb. 

Spirifer  knappianum  Nett.,  Ky.  l^ss.  Shells,  1889,  p.  122,  PL  7, 
fig.  14. 

NelllerolKs  orif/ifial  description. — ''Shell  subcireular,  gibbous; 
hinge  lino  sliort^r  than  the  width  of  the  shell;  cardinal  extremities 
rounded.  Ventral  valve  gibbous  in  the  upper  part,  and  regularly 
curving  to  the  front  and  sides.  Mesial  sinus  well  delined  from  front 
to  apex  of  beak,  somewhat  shallow  and  rounded;  it  contains  two 
faintly  marked  plications.  J^eak  of  medium  size  and  curved  over  the 
area,  which  is  high  and  concave,  extending  over  about  two-thirds  of 
the  entire  width  of  the  shell;  fissure  of  medium  size.  Dorsal  valve 
gibbous  rcf^mlarly  convex  on  thi;  sides,  a  little  flattened  at  the 
cardinal  extremity;  mesial  fold  ])roniini*nt  and  well  defined  to  apex  of 
beak,  containing  on  its  middle  a  well  marked  depression.  Beak 
small,  slightly  arched  over  the  sublinear  area,  which  is  somewhat 
concave.  Surface  nuirked  by  from  six  to  ei<i:lit  rounded  plications  on 
each  side  of  the  fold  or  sinus;  they  are  crossed  by  imbricating  lines 
or  striae  which  have  irregular  distnnces  in  the  up])er  part  but  become 
regular  and  close  set  in  the  front  ])art.  Tlie  whole  surface  is  covered 
with  very  fine  closely  set  radiating  striae,  hut  there  arc;  no  elongated 
nodes  or  tubercles  as  in  conradana. 
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"The  cardinal  area  is  densely  covered  with  fine  closely  set  radiat- 
ing striae." 

I  have  not  seen  this  shell.    Nettleroth  reports  it  to  be  rare. 

Formation  and^  locality. 

"Corniferous";  Falls  of  the  Ohio. 

Belicularia  wabctthenm  n.  sp. 

Pl.X,fiff8. 5,5a,5b. 

Shell  subcirc'iilar  in  outline,  hinge  line  less  than  width  of  shell; 
cardinal  extremities  rounded.  Ventral  valve  slightly  more  convex 
than  dorsal,  most  gibbous  at  the  umbo  from  which  it  slopes  regularly 
to  the  front  and  sides;  beak  eleviited  and  incurved  over  a  rather  high 
short  area  whieh  scarcely  reaches  to  the  extremities  of  the  hinge  line; 
sinus  l)road  and  shallow  reaching  to  the  apex  of  the  beak,  somewhat 
extended  in  front.  Dorsal  valve  regularly  convex;  mesial  fold  promi- 
nent, rounded  or  rarely  with  a  depressed  line  in  the  middle;  beak 
small,  slightly  arched  over  the  sublinear  area. 

Surface  marked  by  from  three  to  five  low  rounded  plications  on 
each  side  the  fold  and  sinus.  Entire  surface  covered  by  fine  radiating 
striae.    A  few  specimens  have  traces  of  concentric  striae. 

This  shell  differs  from  R.  fimbriafa  in  the  absence  of  surface  tu- 
bercles, and  in  the  comparatively  shorter  transverse  diameter. 

Common  in  northern  Indiana. 

Formation  and  locality.  «.     . 

Jefferson ville  limestone;  Pipe  Creek  Falls  and  Bunker  Hill. 

Ch/pidula  romingeri  var.  indianerms  nov.  var. 

Pl.yi,fiff8.12,12a. 

Shell  gibbous,  inequivalve,  width  greater  than  the  length.  Ventral 
valve  very  gibbous,  arching  very  regularly  to  the  front  and  sides; 
a  distinct  mesial  fold  towards  the  front  is  marked  by  four  strong 
plications.  Dorsal  valve  convex  near  the  umbo,  and  becoming  nearly 
flat  near  the  sides  of  the  shell.  A  well  developed  sinus  marks  the  an- 
terior half  of  the  valve  which  is  marked  by  four  plications  of  unequal 
strength  extending  rather  more  than  half  the  length  of  the  valve. 

Surface  marked  by  two  or  three  obscure  plications  on  each  side 
of  the  fold  and  sinus  near  the  front  which  become  obsolet<^  before 
reaching  the  middle  of  the  shell. 

Mr.  John  M.  Clarke  who  kindly  compared  this  shell  with  the  typos 
of  G.  rominyeri,  observes  that  it  "resembles  in  many  respects  the 
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Gypidula  romingeri,  especially  in  the  general  character  of  its  exte- 
rior, its  form,  proportions,  etc.,  although  it  is  much  smaller  in  size 
than  the  prevailing  shell  in  the  Hamilton  group  of  Michigan.  There 
is  also  a  marked  difference  in  the  degree  of  surface  plication.  This 
is  generally  much  more  pronounced  in  the  Michigan  form  than  in 
your  specimen  and  extends  from  shoulder  to  shoulder  of  the  shell.^' 

While  the  surface  plication  of  this  variety  is  less  pronounced  than 
in  0,  romingeri  it  appears  to  be  much  more  strongly  developed  than 
0,  comis  and  in  this  respect  at  least  it  seems  to  be  intermediate 
between  these  two  types. 

Only  one  specimen  is  known,  which  was  found  by  the  author  and 
now  belongs  to  the  U.  S.  Geol.  Survey. 

Formation  and  locality. 
Jeffersonville  limestone;  Falls  of  the  Ohio. 

MEKIBTELLA. 

A.     Beak  of  veBtral  valve  closelj  incurTed.  M.  namUa, 

AA.     Beak  of  Tentral  valve  not  closely  incurved.  Af.  barriau 

MeristeUa  nasuta  (Conrad). 

Pl.XII.flg.7. 

M.  nasuta  Hall,  Pal.  N.  Y.,  1867,  Vol.  IV,  p.  299,  PI.  48,  figs.  1-25. 

IlalVs  description  in  part. — "Shell  suboval,  ovate  or  subrhomboidal, 
the  greatest  width  near  or  a  h'ttle  below  the  middle;  length  equaling 
or  greater  than  the  width.  Valves  convex,  the  ventral  valve  gibbous. 
A  nasute  or  ]int:,miforin  extension  of  the  front  in  old  shells.  Ventral 
valve  much  the  more  convex,  the  greatest  (^onvexity  being  above  the 
middle,  becoming  gibbous  or  extremely  arcuate  in  old  individuals, 
curving  abruptly  to  the  sides  and  cardinal  margins,  and  more  gradu- 
ally to  the  front;  umbo  extremely  prominent;  beak  neatly  rounded 
and  closely  incurved,  standing  at  a  right  angle  with  the  plane  of 
the  axis,  or  in  old  shells  directed  forwards.  The  anterior  portion 
is  produced  into  a  nasute  or  linguiform  extension,  usually  without 
a  sinus  or  any  depression  of  the  surface.  Tn  the  young  or  half-grown 
individuals  this  feature  does  not  a])pear.  Dorsal  valve  less  convex 
than  the  op])osite,  moderately  and  regularly  convex  in  the  young 
shell,  becoming  in  the  old  shells  gibbous  above,  curving  regularly 
to  the  sides  and  often  a  little  flattened  at  the  baso-lateral  margins; 
at  about  the  middle  of  the  length  or  sometimes  above,  the  central 
portion  of  the  valve  becomes  more  gibbous  and  towards  the  front  is 
abruptly  elevated  into  a  short  rounded  prominent  fold,  corresponding 
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to  the  linguiform  extension  of  the  opposite  valve.  The  beak  is 
modenitely  incurved,  lying  close  beneath  that  of  the  opposite  valve. 
The  general  aspect  of  the  surface  is  that  of  a  smooth  shell  with  a 
few  concentric  lamellose  lines.  In  perfect  specimens,  however,  the 
entire  surface  is  marked  by  close  concentric  striae,  and  usually  by 
indistinct  radiating  striae,  which  are  often  more  conspicuous  in  the 
partially  exfoliated  shell,  and  still  more  distinct  in  some  of  the 
casts." 

This  shell  reaches  a  large  size;  one  specijnen  in  Mr.  Green's  collec- 
tion measures  one  and  a  half  inches  in  width.  A  well  developed  sinus 
is  present  in  some  shells  but  it  is  usually  represented  only  by  the  ex- 
tension at  the  front;  one  specimen  shoWs  a  low  fold  in  place  of  a  sinus 
on  the  ventral  valve. 

Forvialion  and  locality. 

JelTersonvillc  limestone;  Falls  of  the  Ohio.  .      ; 

Merintella  barrui  Hall. 

Pl.XII.flg.6. 

M.  barrisi  Hall,  Pal.  N.  Y.,  Vol.  IV,  1867,  p.  304,  PI.  49,  figs.  5-22. 

HaWs  description. — "Shell  ovoid,  more  or  less  elongate  and  some- 
times broadly  ovate,  gibbous;  valves  subequally  convex,  sinuate  in 
front.  Ventral  valve  gibbous  in  the  middle,  the  greatest  convexity 
a  litllc  above  the  middle  of  its  length,  and  abruptly  sloping  to  its 
sides,  flattened  below  the  middle,  becoming  depressed  towards  the 
front,  which  in  old  shells  is  produced  into  a  short  linguiform  exten- 
sion; umbo  gibbous,  the  beak  arching  over  the  umbo  of  the  opposite 
valve  and  not  closely  appressed.  Dorsal  valve  little  longer  than 
wide,  varying  from  moderately  convex  to  gibbous,  the  greatest  con- 
vexity being  about  the  middle  of  its  length;  without  distinct  mesial 
fold,  but  abruptly  elevated  near  the  anterior  margin,  corresponding 
to  the  depression  on  the  opposite  side.  Surface  smooth  or  marked 
by  regular  concentric  striae,  which  are  sometimes  crowded  into 
wrinkles  near  the  margin  of  the  valves.  'J'he  exfoliated  shells  some- 
times show  indistinct  radiating  striae.  The  muscular  impression  in 
the  ventral  valve  is  triangular  and  usually  not  deeply  marked.  The 
dorsal  valve  has  a  distinct  median  spetum  which  extends  nearly  half 
the  length  of  the  valve,  muscular  area  narrow  elongate.  This  species 
presents  considerable  variety  of  form,  from  almost  symmetrically 
oval  to  broadly  ovate,  with  the  greatest  width  below.  The  older 
shells  are  for  the  most  part  gibbous  but  some  specimens  are  com- 
pressed in  the  lower  half  of  the  length.    The  mesial  sinus  is  not 
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usually  a  very  distinctive  feature  in  half-grown  shells;  hut  in  some 
individuals  it  begins  about  the  upper  third  of  the  shell  and  affects 
the  lower  half  and  anterior  part  of  the  valve.  The  largest  individuals 
have  a  length  of  about  one  inch  and  a  quarter,  with  a  width  of  one 
inch;  in  other  specimens  a  length  of  one  inch  and  an  eighth  gives  a 
width  of  one  inch  and  a  depth  of  three- fourths  of  an  inch.  In  a  gib- 
bous and  somewhat  elongate  form  the  depth  and  width  are  as  5  to  6 
and  the  length  8|.'' 

Mr.  Green's  collection, contains  four  specimens  which  seem  to 
belong  to  this  species,  the  only  ones  which  1  have  seen. 

Formation  and  locality, 
Jefferson ville  limestone;  F'alls  of  the  Ohio. 

EUNEIXA. 

A.     Shell  sinuate  or  eniarginate  in  front.  E.  guUwanii* 
AA.     Shell  not  sinuate  or  eniarginate  in  front. 

b.     Beak  of  ventral  valve  extended,  not  cioFely  incurved.  E,  harmonia, 

bb.     Beak  of  ventral  valve  raiher  abruptly  incurved.  E,  linckfaeni, 

Eunella  suUivanti  Hal). 

Pi.XII,fiff.l. 

Tcrebratula  sullivani  Hall,  Pal.  N.  Y.,  IStiT,  Vol.  IV,  p.  387,  PI. 
(iO,  figs.  5-10. 

HalVs  descripfioN. — '\Shcll  clongatc-ovatc  or  sul)s]mtulate,  truncate 
or  eniarginate  in  front,  of  moderate  convexity:  width  and  length 
about  as  four  to  six  or  seven  to  nine.  Ventral  valve  a  little  less 
convex  than  the  opposite:  the  beak  much  (wtended,  neatly  attenuate 
and  perforate  at  the  aj)ex:  the  cardinal  slopes  rounded  and  a  little 
concave  near  the  hinge  margin,  usually  de]>ressed  towards  the  front 
and  sometimes  a  shallow  sinus  which  reach(»s  one-third  or  one-half 
the  length  of  the  valve.  Dorsal  valve  a  little  more  convex  and  con- 
siilerablv  shorter  than  the  ventral  valve,  usuallv  flattened  and  some- 
times  de])ressed  along  the  center  of  the  lower  part  of  the  valve.  Sur- 
fa<'e  marked  bv  line  close  concentric  striae  whicli  are  neatlv  round(?d 
on  well  pn^served  specimens  and  at  intervals  are  crowded  into  more 
prominent  ridges.  Shell  structure  punctate.  On  cutting  down  a 
specimen  of  this  species  it  has  been  found  to  possess  a  short  simple 
loop,  without  appendage  as  in  Terehratvla.  The  larger  specimens 
are  about  three-fourths  of  an  inch  in  length.'' 

This  is  a  common  species  in  northern  Indiana,  but  has  not  been 
found  in  southern  Indiana.     The  shells  are  seldom  more  than  half 
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an  inch  in  length.  They  seem  to  be  less  convex  than  the  spei'inicns 
figured  by  Hall.  The  greatly  extended,  nearly  straight  and  atten- 
uate beak  is  a  constant  feature  but  the  outline  of  the  shell  is  ex- 
tremely variable.  Some  specimens  are  deeply  emarginate  at  the 
front  while  others  are  rounded  or  truncate.  The  emarginate  shells 
have  a  sinus  in  both  valves;  in  the  others  it  is  wanting  or  but  slightly 
developed. 

Formation  and  locality, 

JefFersonville  limestone;  JMi)e  (^reek  Falls,  Bunker  Hill  and  Little 
Hock  Creek,  Cass  County. 

Eundla  harmonia  Hall. 

PI.  XII.  fig.  2. 

Terebratula  harmonia  Hall,  Pal.  N.  Y.,  18G7,  Vol.  IV,  p.  388,  PL 
60,  figs.  11-16. 

HalVs  description. — "Shell  ovate  or  subspatulate,  tapering  some- 
what abruptly  to  the  beak,  convex  in  the  middle  and  compressed  at 
the  margins.  Ventral  valve  regularly  ovate  from  beak  to  front,  mod- 
erately convex  in  the  middle,  a  little  gil)bous  above  and  depressed- 
convex  or  slightly  concave  towards  the  front,  the  upper  part  narrow- 
ing; th(»  beak  much  extended,  attenuate  and  arcuate,  but  not  closely 
incurved;  a])cx  ])crforate,  the  slope  to  the  cardinal  margin  scarcely 
concave;  deltidial  j)lates  large.  Dorsal  valve  moderately  convex, 
sometimes  a  little  more  prominent  along  the  middle  in  the  upper 
part  and  depressed  towards  the  front  and  sides.  Surface  marked  by 
fine  conccMitric  lines  of  growth;  the  substance  of  the  shell  finely 
punctate.  A  well  marked  specimen  of  this  si)ecies  has  been  cut  down 
on  the  dorsal  si(l(\  revealing  the  loop,  the  divisions  of  which  extend 
for  more  tlian  one-third  the  length  of  the  dorsal  valve;  th(»  angle  of 
return  being  visible,  but  not  the  connecting  ])()rtion.  Young  speci- 
mens which  1  refer  to  this  species  are  more  gibbous  than  the  older 
ones.  T]w  larger  specimens  are  from  six-eighths  to  seven-eighths  of 
an  inch  wide." 

This  species  is  rather  comnum  in  northern  Indiana. 

Formation  and  localifif. 

JeflFersonville  limestone;  Bunker  Hill,  Pipe  Creek  Falls  and  Falls 
of  the  Ohio. 


42-UeoI. 
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EuneUa  llncMmni  Hall. 

PI.  XII,  figs.  3, 3a. 

(:irypix)nella  lincklaeni  Hall,  Pal.  N.  Y.,  1867,  Vol.  IV,  p.  397, 
PI.  60,  figs.  49-65. 

Hall's  description. — *'Shell  ovate  or  subelliptical,  usually  broader 
below  the  middle,  varying  from  moderately  convex  to  very  gibbous 
and  sometimes  subcylindrical;  front  rounded  sub  truncate  or  a  little 
depressed.  Ventral  valve  varying  from  moderately  convex  to  gib- 
bous, somewliat  regularly  arcuate  in  longitudinal  outline,  sometimes 
a  little  flattened  towards  the  front  or  marked  by  a  narrow  mesial 
depression.  Beak  more  or  less  abruptly  incurved  and  truncate  by  a 
foramen  of  moderate  size;  umbonal  slope  rounded  or  subangular,  and 
concave  towards  the  cardinal  margin.  Dorsal  valve  varying  from 
moderately  convex  to  gibbous;  the  greatest  convexity  about  the  mid- 
dle of  the  length,  and  thence  curving  regularly  to  the  sides  and 
base.  Surface  marked  by  fine  concentric  striae  of  growth,  which  are 
?'>inetimes  crowded  together  towards  the  front,  causing  a  thickening 
of  the  shell.  Shell  structure  distinctly  punctate.  This  species  pre- 
sents soj'ue  variety  of  form  from  subelliptical  to  broad  ovate.  The 
length  of  a  large  individual  is  a  little  more  than  three-fourths  of  an 
inch,  with  a  width  of  five-eighths  of  an  inch  and  a  depth  of  three- 
eighths;  while  another  form  which  I  refer  to  the  same  has  a  length 
and  width  of  half  an  inch  with  a  depth  of  a  little  more  than  a  quarter 
of  an  inch.  Soiiio  of  the  snialler  individuals  are  a  little  more  than  a 
quarter  of  an  inch  in  length. '' 

lliis  is  a  very  common  species. 

Formation  and  locality. 

JefTersonville  linicstone;  Pipe  Creek  Falls,  lUmker  Hill  and  Falls 
of  the  Ohio. 

(MIYPTONKLLA. 

A.     Shell  very  jribboiis,  length  of  dorsal  valve  greater  than  the  widlli.      C.  ovni  s, 
AA.     Shell  moderately  giblious,  length  and  breadth  of  dorsal  valve  about  equal. 

C.  lenn, 
Cryidonetla  lem  Hall. 

Pl.XI,fiK.9. 

1\Tebraln]a  lens  Hall,  ?al.  N.  Y.,  18(>7,  Vol.  IV,  p.  ;]S(>,  PI.  GO, 
figs.  1-4. 

TlaU's  description. — '^'Sliell  ovate  broadly  elliptical  or  lenticular 
below  the  beak,  which  is  abruptly  tapering;  moderately  gibbous,  the 
valves  subequally  convex,  the  greatest  width  a  little  below  the  mid- 
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dle^  the  width  about  four-fifths  as  great  as  the  lengthy  and  the  depth 
nearly  equal  to  half  the  length.  Ventral  valve  a  little  less  convex 
than  the  dorsal,  the  beak  moderately  incurved  and  broadly  truncated 
by  the  foramen;  no  visible  sinus  or  elevation  in  the  middle  of  the 
valve.  Dorsal  valve  broadly  elliptical  or  subcircular,  somewhat  regu- 
larly convex;  the  beak  closely  appressed  below  that  of  the  opposite 
valve-  Surface  marked  by  concentric  lines  of  growth;  the  shell 
structure  distinctly  punctate.  The  length  of  an  ordinary  specimen 
is  seven-tenths  of  an  inch,  the  width  six-tenths  of  an  inch." 

This  is  a  rather  common  fossil  in  northern  Indiana  but  rare  in 
southern  Indiana. 

Formation  and  locaKty, 

Jeffersonville  limestone;  Bunker  Hill,  Pipe  Creek  Falls  and  Falls 
of  the  Ohio. 

Oryptonella  ovalis  Miller. 

PI.  XI,  figi.  8,  8a. 

C.  ovalis  Mill.,  advance  sheets  17th  Rep.  Geol.  Surv.  Ind.,  1891,  p. 
76,  PI.  13,  figs.  1-2. 

Millers  origirial  description. — "Shell  subovate,  gibbous  rounded  in 
front,  greatest  width  slightly  above  the  middle.  Surface  concentric- 
ally banded,  the  bands  apparently  imbricating.  Shell  structure 
punctate.  Ventral  valve  more  gibbous  than  the  dorsal;  arcuate  from 
the  beak  to  the  front;  greatest  convexity  above  the  middle.  Beak 
prominent  incurved  inflectiKl  along  the  umbonal  slopes,  tnmcated  by 
a  small  foramen,  no  hinge  area.  Dorsal  valve  shorter  than  the  ven- 
tral, less  gibbous,  greatest  convexity  above  the  middle.  Beak  in- 
curved beneath  tlie  beak  of  the  ventral  valve.  No  hinge  area.  This 
species  resembles  Oryptonella  planirostra,  but  is  much  more  gibbous, 
and  the  ventral  valve  is  much  more  convex  than  the  dorsal,  while  in 
that  species  the  dorsal  valve  is  most  convex.  Our  specimens  vary 
greatly  in  length  from  three  to  seven-tenths  of  an  inch." 

This  species  closely  resembles  those  specimens  of  Cranaena  romin- 
(jeri  which  are  not  sinuate  in  front  and  may  prove  to  be  a  variety  of 
that  species.    It  is  not  very  common. 

Formation  and  locality, 

JefTersonville  limestone;  Bunker  Hill  and  Falls  of  the  Ohio. 
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Terebrattda  jueunda  Hall. 

PI.  Xr,fiff8 10,10a. 

T.  jueunda  Hall,  Pal.  N.  Y.,  1867,  Vol.  IV,  p.  390,  PI.  60,  figs. 
29-31. 

llaWs  description. — "Shell  subcireular  or  very  broadly  ovate,  the 
length  and  width  about  equal,  regularly  rounded  below  and  abruptly 
narrowing  above  the  middle.  Ventral  valve  gibbous  in  the  middle, 
curving  abruptly  to  the  base  and  baso-lateral  margins;  beak  obtuse, 
and  incurved  over  the  umbo  of  the  opposite  valve;  apex  truncated  by 
a  rounded  foramen.  Dorsal  valve  rather  regularly  convex,  the  great- 
est convexity  a  little  above  the  middle,  curving  to  the  bai^e  and  baso- 
lateral  margins.  Length  of  s})tKiimen8  a  little  more  than  three- 
eighths  of  an  inch.  On  cutting  down  the  dorsal  side,  the  loop  is  visi- 
l)l(*,  showing  the  terebratuloid  character.'' 

1'his  s})ccies  resembles  closely  in  external  features  some  of  the 
shorter  forms  of  Cn/pionella  lens,  from  which  it  is  difficult  to  dis- 
tinguish it.  The  outline  of  the  shells  referred  to  this  species  is 
more  nearly  circular  than  Hall's  figure,  resembling  in  this  respect 
Terehratula  aniario.    It  is  not  verv  abundant. 

Formation  and  locality. 

Jefferson vi lie  limestone;  Pipe  Creek  Falls,  Bunker  Hill  and  Falls 
of  the  Ohio. 

Granaena  romingeri  Hall. 

PI.  XII,  fig.  4, 4a. 

Tcrcbratula  romingeri  llalK  Pal.  X.  Y.,  18(n,  Vol.  TV,  p.  389, 
PI.  GO,  ligs.  17-25,  ()G,  (ir. 

IJalTs  description. — "Shell  ovate,  more  or  less  gibbous,  truncate  or 
slightly  sinuate  in  front.  W'ntral  valve  gibbous  above  the  middle; 
um])o  gibbous,  intlated;  beak  ])rominent,  incurved  over  the  opposite 
beak,  and  truncated  by  a  round  foramen  which  is  often  mainly  an- 
terior to  the  a])ex  and  (•omi)l<'ted  on  the  lower  side  by  two  deltidiail 
plates;  cardinal  slopes  rouiulcd,  often  (ie])ressed  in  the  middle  toward 
the  front.  Dorsal  \i\\\v  extremely  gibbous,  little  hmger  than  wide, 
the  iifrcjitcst  convcxitv  at  the  middle  or  above.  Surfjice  marked  bv  fine 
concentric  striae  wliieh  are  often  crowded  into  ])rominent  wrinkles 
toward  the  front.  Shell  structure  finely  punctate.  The  interior 
sliows  a.  short  iei-ebratulifoiMu  loop,  which  is  abru])tly  re<*urved  at  its 
lower  extremities.'' 

Thv  sinus  in  the  ventral  valve  is  more  distinctly  developed  in  the 
specimen  figured  than  in  any  other  specimen  which  has  been  ob- 
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served.    In  some  of  the  shells  referred  to  this  species  it  is  entirely 
wanting.    This  is  a  rather  rare  species. 

Formation  and  locality, 

Jeffersonville  limestone;  Bunker  Hill,  Pipe  Creek  Falls  and  Falls 
of  the  Ohio. 

Camarospira  eucharis  Hall. 

Pl.XII,fiff.5. 

C'amarophoria  eiuharis  Hall,  Pal.  N.  Y.,  1867,  Vol.  IV,  p.  368, 
PI.  57,  figs.  40-45. 

I  fairs  original  description. — *\Slioll  broadly  ovate,  length  a  little 
greater  than  the  width.  Ventral  valve  ovate  with  the  beak  extended 
and  arcuate,  gibbous  above  the  middle,  curving  gently  to  the  sides, 
broadly  flattened  or  a  little  depressed  toward  the  front  and  terminat- 
ing upwards  in  a  broad  short  linguiform  extension,  giving  the  an- 
terior margin  an  abruptly  rounded  or  truncate  aspect.  Dorsal  valve 
gibbous  in  the  upper  part,  more  abruptly  elevated  along  the  middle 
and  towards  the  front,  slightly  concave  on  each  side  of  the  broad 
undefined  elevation;  anterior  margin  sinuate.  Beak  closely  incurved 
into  the  cavity  beneath  the  apex  of  the  ventral  valve.  Surface 
marked  by  fine  concentric  striae  which  at  intervals  are  crowded  into 
himelliform  ridges.     Shell  apparently  impunctate.^' 

Two  of  my  specimens  show  traces  of  fine  radiating  striae  near  the 
margin  of  the  shell.    This  species  is  not  very  common. 

Formation  and  locality, 

Jefl'ersonville  limestone;  Bunker  Hill,  Pipe  Creek  Falls,  Charles- 
town  and  Falls  of  the  Ohio. 


PKLECYPODA. 
AVICULOPECTEN. 

A.     Ears  not  well  defined.  .1.  ( Pterinopecten  f)  terminalif, 

A  A.     Ears  well  defined. 

b.     Radialing  striae  fasciculate.  A.  fasciculatnf. 

bb.     Radiating  striae  not  fasciculate. 

c.     Test  marked  by  coarse  angular  ribs,  which  are  crossed  by 
strong  distant  lamellose  concentric  ridges. 

A.  ercwsieostata, 

cc.     Test  marked  by  moderately  strong  radiating  striae  which 

are  crossed  by  fine  concentric  striae. 

d.     Test  marked  by  strong  sharp  rays,  anterior  ear  small, 

posterior  ear  marked  by  rays.  A.  exaeutus, 

dd.     Test  marked  by  rather  fine  radiating  striae,  anterior 

ear  large,  posterior  ear  usnally  withont  rays. 

A,  prineeps. 
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Aviculopeden  princeps  (Conrad)  Hall. 

PI.  XII,  fig.  10. 

A.  princeps  Hall,  Pal.  N.  Y.,  Vol.  V,  Pt.  I,  1884,  p.  1,  PI.  1,  figs. 
10,  11;  PL  5,  figs.  18,  19,  23,  24;  PI.  6,  figs.  1-9;  PI.  24,  fig.  7;  PI.  81, 
figs.  13-17. 

Hairs  description  in  part. — "Shell  large,  obliquely  broad,  ovate; 
axis  inclined  more  than  60  degrees  to  the  hinge  line;  length  and 
height  nearly  equal,  varying  within  moderate  limits;  anterior  margin 
convex;  the  convexity  increasing  to  the  middle  of  the  posterio-lateral 
side,  thence  truncated  and  extending  in  a  straight  line  to  the  beak, 
making  an  angle  of  from  30  degrees  to  40  degrees  with  the  hinge  line. 
Valves  depressed;  left  valve  regularly  convex;  right  valve  nearly  flat 
or  very  moderately  convex.  Hinge  line  straight,  having  a  length  of 
from  two-thirds  to  more  than  three-fourths  the  length  of  the  shell, 
and  extending  anteriorly  as  far  as  the  antero-lateral  margin  with  lit- 
tle variation.  Beaks  obtuse,  rounded  anterior  to  the  middle  of  the 
hinge.  Umbo  subtending  an  angle  of  about  130  degrees.  Ears  large, 
triangular;  posterior  one  the  larger  and  defined  by  the  abrupt  slope  of 
the  side  of  the  umbo,  while  the  anterior  ear  is  separated  by  a  distinct 
sulcus;  lateral  margins  concave,  becoming  convex  at  the  hinge  line. 
Byssal  sinus  broad,  rounded,  well  defined  and  indicated  on  the  ear  by 
a  sulcus  extending  to  the  extremity  of  the  beak.  The  right  valve  is 
flatter  and  proportionally  broader  than  the  left.  The  limits  of  the 
ears  are  clearly  indicated  by  the  rapid  slope  of  the  umbo,  and  the 
absence  of  strong  radiating  lines  of  ornamentation.  Test  thin, 
marked  by  numerous  regular  alternating  rays,  which  increase  in 
number  by  interstitial  additions,  and  become  broader  and  stronger 
toward  the  margins.  These  radiating  ribs  are  crossed  by  very  fine 
sharp  striae  of  growth.  On  the  ears  the  rays  are  nearly  obsolete,  and 
the  lines  of  growth  are  sharper  and  stronger  than  on  the  body  of  the 
shell." 

This  is  not  a  common  species.  A.  perteniforniis  and  A.  parilis 
have  been  recognized  by  Ilall  as  synonyms  of  Aviculopecfen  princeps. 

Formal  ion  and  locality. 

JetTersonville  limestone;  Keesport,  Cass  County  and  Falls  of  the 
Ohio. 

Aincidopeeten  exacutns  Hall. 

PI.  XII,  fig.  11. 

A.  exacutus  Hall,  Pal.  N.  Y.,  Vol.  5,  Pt.  I,  1884,  p.  8,  PI.  3, 
figs.  18-22. 
Hall's  description. — "Shell  of  medium  size,  obliquely  broad  ovate; 
k.        greatest  longitudinal  diameter  below  the  middle;  height  nearly  equal 
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to  the  length,  transverse  axis  oblique  to  the  liingB  line;  basal  margin 
full  and  regularly  rounded;  posterior  margin  extended  beyond  the 
ear  and  more  convex  than  the  anterior.  Valves  equally  convex; 
the  byssal  sinus  larger  in  the  right  valve  and  the  umbo  less  ample. 
Hinge  line  straight;  length  four-fifths  of  the  longitudinal  diameter, 
extending  neariy  as  far  as  the  anterior  margin.  Beaks  obtuse, 
oblique,  anterior  to  the  middle  of  the  hinge  and  of  the  valve;  umbo 
ample.  In  some  specimens  of  the  left  valve  the  beak  arches  over  the 
hinge  line,  while  in  the  right  valve  the  beak  rises  from  the  hinge. 
Ears  triangular;  posterior  one  somewhat  the  larger,  margin  concave, 
extremely  acute;  defined  from  the  umbo  by  a  broad,  shallow  sulcus, 
an  obscure  carination,  and  an  abrupt  change  in  the  surface  characters 
to  subdued  striae.  The  anterior  ear  is  well  defined  by  the  sulcus 
extending  from  the  angular  byssal  sinus.  Test  ornamented  by  about 
forty  strong,  sharp  continuous  rays,  alternating  in  size  with  broader 
and  concave  interspaces  crossed  by  fine  sharp  crenulating  concentric 
striae.  The  ears  show  finer  concentric  striae  and  a  few  ravs.  Pallial 
line  impressed  continuous,  extending  parallel  to  the  margin  of  the 
shell  about  half  way  from  the  beak,  terminating  liear  the  center  of 
the  posterior  side,  in  a  subcircular  muscular  impression,  marked 
with  regular  concentric  striae.  The  cast  preserves  traces  of  the  ex- 
terior markings,  but  presents  no  definite  characters  of  the  hinge. 
The  largest  specimen  has  a  height  of  35mm.  A  medium  sized  speci- 
men has  a  height  of  26mm;  length  27mm;  hinge  line  24mm." 

Formation  and  locality, 
Jefferson ville  limestone;  Pipe  Creek  Falls. 

Avieidopecten  fascioulatm  Hall. 

A.  fascioulatus  Hall,  Pal.  N.  Y.,  Vol.  V,  Pt.  I,  1884,  p.  11,  PL  5, 
figs.  7-19;  PI.  81,  figs.  1-4. 

A.  fasciculatus  Nettleroth,  Ky.  Foss.  Shells,  1889,  p.  224,  PI.  3, 
fig.  4. 

I  have  not  seen  this  spooios.  Nettleroth  reports  it  to  occur  in  the 
"Corniferous  limestone"  around  the  Falls  of  the  Ohio. 

Avieidopecten  (^Pterinopcdrn?)  t^^rminalis  Hall. 
PI.  XII,  figs.  12, 13:  XIII,  fig.  1. 

A.  (Pterinopecten?)  terminalis  Hall,  Pal.  N.  Y.,  Vol.  V,  Pt.  I, 
1884,  p.  32,  PI.  1,  fig.  3. 

HalVs  description, — "Shell  small,  rhomboidal  body  of  the  shell 
obliquely  ovate;  length  a  little  greater  than  the  height,  margins 
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regularly  rounded,,  poinewhat  oxtendod  behind.  Left  valve  very  con- 
vex. Right  valve  unknown.  Hinge  line  straight  central,  equal  to 
the  length  of  the  shell.  Beak  acute,  prominent,  directed  a  little 
forward,  arching  over  the  hinge  line.  Umbo  clevat<)d,  subtending  a 
right  angle.  Kars  triangular;  margins  concave;  extremities  acute. 
Posterior  ear  larger  undefined.  Anterior  ear  limited  by  a  shallow 
sulcus.  Byssal  sinus  moderate.  Test  thin  marked  by  fine  sharp 
radii,  with  wider  interspaces,  which  show  one,  two  or  three  finer  rays, 
crossed  by  fine  crenulating  lines  of  growth.  The  same  characters 
of  nmrking  extend  over  the  ears.  Internal  charact<»rs  not  known. 
The  sj)ecimen  is  14mm  in  length,  12nmi  in  height,  with  hinge  line 
15mm." 

The  specimens  which  1  have  referred  to  this  species  are  consid- 
erably smaller  than  the  specimen  described  by  Hall,  but  in  other  re- 
spects there  appears  to  be  no  important  differences. 

Formation  and  locality. 

Jeffersonville  limestone;  Bunker  Hill  and  Pipe  Creek  Falls. 

AviciUopecten  crassicostata  H.  and  W. 

A.  crassicostata  Hall  and  Whitfield,  24th  Bept.  N.  Y.  State  Mus. 
Nat.  Hist.,  p.  188. 

Hall  and  Whitfield's  original  description. — '"Shell  below  medium 
size,  left  valve  depressed,  convex;  body  of  shell  oblique,  hinge  line 
straight,  equal  to  three-fourths  the  length  of  the  shell;  anterior 
wing  very  small,  separated  from  the  body  of  the  shell  by  an  abrupt 
deep  sinus;  })osteri(>r  wing  narrow,  obtusely  point (m1  and  extending 
nearly  as  far  as  the  posterior  extremity.  Surface  marked  by  strong 
coarse  angular  ribs,  of  which  there  are  about  thirteen  or  fourteen  on 
the  body  of  the  shell,  with  intermediate  smaller  ones;  about  five 
obscure  rays  on  the  posterior  wing;  the  radiating  costae  crossed  by 
coarse  distant  lamellose  concentric  ridges." 

This  species  was  described  from  specimens  obtained  in  "limestone 
of  the  age  of  the  T^])per  Helderburg  group"  at  the  Falls  of  the  Ohio. 
I  have  not  seen  it.  Nettleroth  reports  it  from  the  "Hydraulic  lime- 
si  one''  (Scllersburg  beds). 

Limoptera  cancellata  Hall. 
Pi.xiii.fiif.e. 

L.  cancellata  Hall,  Pal.  X.  Y.,  Vol.  Y,  Pt.  I,  p.  244,  PI.  26,  figs. 
1-4:  PI.  02,  figs.  1-3. 

IfalVs  description. — "Shell  large:  body  suberect,  broadly  ovate; 
axis  nearly  vertical   to   the   hinge  line:   wing  expanded;  height  and 
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length  nearly  equal;  ventral  margin  very  broadly  rounded;  anterior 
margin  expanded  below  and  contracted  above;  postbasal  side  ex- 
panded, recurved  somewhat  abruptly  and  ext^»nding  in  a  subarcuate 
line  to  the  beak.  Valves  very  unequal.  Left  valve  moderately 
convex  below,  gradually  becoming  gibbous  and  arcuate  above.  Right 
valve  concave  below,  flat  in  the  middle  and  depressed  convex  in  the 
umbonal  region.  Hinge  line  straight,  less  than  the  length  of  the 
valve.  Beak  of  left  valve  prominent,  anterior  to  the  middle  of  the 
valve,  acute,  inclined  forward  and  arching  over  the  hinge  line.  Um- 
bonal region  prominent  gibbous;  abruptly  limited  on  either  side. 
In  the  right  valve  the  beak  does  not  rise  above  the  cardinal  line. 
Umbonal  region  defined  on  the  anterior  side  by  a  distinct  oblique 
fold  or  ridge,  and  on  the  posterior  side  by  a  well-marked  depression 
limiting  the  wing,  subtending  an  acute  angle.  Ear  small,  limited 
by  a  shallow  sinus  below.  Wing  large,  triangular,  extending  more 
than  half  the  height  of  the  shell  toward  the  base;  margin  gently 
concave  and  slightly  recurving  toward  the  hinge  line;  extremity 
angular.  Test  of  moderate  thickness,  marked  by  somewhat  distant 
rounded,  abruptly  elevated  radii,  with  wider  intermediate  flat  spaces, 
which  are  sometimes  marked  by  one  or  more  smaller  rays.  In  the 
partial  cast  these  rays  are  crossed  and  the  intermediate  spaces  can- 
cellated bv  fine  concentric  striae.  Toward  the  ventral  and  baso- 
lateral  margins  the  shell  is  lamellose  and  the  radii  become  obsolete. 
The  concentric  striae  are  crowded  upon  the  wing  and  the  radii  are 
less  conspicuous  than  on  the  body  of  the  shell.  Ligamental  area  in 
left  valve  large;  smaller  in  the  right  valve.  The  pallial  line  in  the 
left  valve  forms  a  distinct  nodose  ridge  which  extends  from  the 
rostral  cavity  in  a  slightly  arcuate  line  to  below  the  middle  of  the 
valve.  In  the  right  valve  the  ])allial  line  in  the  cast  extends  along 
the  ridge,  limiting  the  body  of  the  shell  from  the  anterior  alation. 
In  the  cast  of  the  left  valve  the  umbonal  cavity  is  marked  by  numer- 
ous nodes  indicating  pits  in  the  shell  for  muscular  attachment.  The 
posterior  muscular  impression  is  large,  occupying  the  post-umbonal 
slope  at  a  point  half-way  from  the  beak  to  the  base  of  the  shell. 

"A  cast  of  the  interior  has  a  length  of  about  TSmm,  height  of 
T7mm  and  hinge  line  less  than  the  length  of  the  shell." 

This  is  not  a  common  species. 

Formation  and  locality. 

JefTersoiiville  limestone;  Falls  of  the  Ohio,  and  Watson. 
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PTSRINOPBCTEN. 

A.     Surface  with  concentric  nndulations. 

b.     Concentric  undulations  numerous,  elevated  into  strong  nodes  in 

crossing  the  rays.  P.  nodotnis. 

bb.     Concentric  undulations  about  six  to  ten,  not  elevated  into  nodes  in 

crossing  the  rays.  P.  andostu. 

AA.     Surface  without  concentric  undulations.  P.  re/Urus, 

Ptennopecten  rejlexus  Hall. 

PI.  Xll.flg.S. 

P.  reflexus  Hall,  Pal.  N.  Y.,  Vol.  V,  Pt.  I,  1884,  p.  58,  PI.  82, 
fig.  8. 

HdlVs  original  description. — "Shell  of  medium  size,  rhomboidal, 
moderately  oblique;  length  one-sixth  greater  than  the  height;  out^ 
line  regularly  curved  to  the  posterio-basal  margin,  thence  extending 
posteriorly.  Left  valve  depressed  convex;  margin  reflexed.  Right 
valve  unknown.  Hinge  line  straight,  extended  posteriorly,  exceeding 
the  greatest  length  of  the  shell.  Beak  obtuse,  low  rounded,  directed 
forward.  ITmbonal  region  convex  subtending  an  obtuse  angle.  Pos- 
terior ear  large  flat,  triangular,  scarcely  defined  from  the  umbo; 
margin  slightly  convex;  extremity  obtuse.  Anterior  ear  small,  tri- 
angular, convex,  limited  by  an  undefined  sulcus  and  a  shallow  byssal 
sinus;  margin  nearly  straight;  extremity  obtuse.  Test  marked  by 
fine  rounded  striae,  alternatiHg  with  finer  lines;  intermediate  spaces 
flat.  The  same  surface  marking  continued  in  a  subdued  degree  upon 
the  posterior  ear,  and  somewhat  more  strongly  on  the  anterior  slope 
and  anterior  oar.    Internal  characters  unknown." 

In  some  specimens  the  surface  is  marked  by  numerous  concentric 
lines  of  growth.  I^his  is  a  common  species  at  the  Pipe  Creek  local- 
ities. 

Formation  and  lorality. 

rU'ifersoiivillc  linicslone;  Hunker  Hill,  Pipe  Creek  Falls  and  Falls 
of  the  Ohio. 

Pieriiwpecten  undomis  Hall. 

PI.  XII,  fig.  9. 

The  only  specimen  of  this  species  which  I  have  found  is  very  poorly 
preserved,  it  is  marked  by  six  strong  concentric  undulations,  which 
are  crossed  by  closely  arranged  rounded  striae. 

Formation  and  locality. 

Jeffcrsonville  limestone;  Bunker  Hill. 


DBVONIAN  FOSSILS  AND  8TBATIGRAPHY  OF  INDIANA.  667 

Pterinopeeten  nodosus  Hall. 

P.  iiodosiis  Hall,  Pal.  N.  Y.,  Vol.  V,  Pt.  I,  PI.  82,  fig.  13. 

Hair 8  original  description. — "Shell  small,  subrhomboidal,  slightly 
oblique,  form  not  fully  known.  Left  valve  very  convex.  Beak  promi- 
nent, nearly  erect.  TJmbonal  region  very  prominent;  the  limits  dis- 
tinct on  the  anterior  and  obscure  on  the  posterior  side;  subtending  an 
acute  angle.  Posterior  ear  large,  triangular;  margin  very  slightly 
concave;  extremity  angular. 

"Anterior  ear  not  preserved  in  the  specimen.  Test  thin  marked 
(in  a  partially  exfoliated  specimen)  by  strong  rounded  rays  with 
intermediate  finer  ones,  and  fine  concentric  undulating,  elevated 
striae,  with  numerous  concentric  undulations  which  increase  in  fre- 
quency from  the  beak  to  the  margin,  and  on  crossing  the  larger  ray^ 
are  elevated  into  strong  nodes.  On  the  posterior  ear  the  rays  are 
fine,  equal  and  continuous.    Interior  characters  unknown. 

"This  species  is  described  from  an  imperfect  specimen  of  the  left 
valve,  but  it  is  so  remarkable  in  its  nodose  undulations  that  it  is 
readily  distinguished  from  every  other  form.'' 

This  species  is  known  only  by  the  type  specimen. 

Formation  and  locality. 

"Corniferous  limestone";  Falls  of  the  Ohio. 

AcHnopteria  boydi  (Conrad). 
Pl.xni.fif.2. 

A.  boydi  Hall,  Pal.  N.  Y.,  Vol.  V,  Pt.  I,  p.  113,  PL  19,  figs.  2-24, 
26-30;  PI.  84,  figs.  16,  17. 

HalVs  descripiion. — "Shell  of  medium  size,  rhomboidal;  barely 
ovate,  varying  in  proportions,  the  longitudinal  axis  at  an  angle  with 
the  hinge  line  of  from  45  degrees  to  60  degrees;  length  varying  from 
nearly  equal  to  one-fourth  greater  than  the  height;  margins  regularly 
rounded  below,  straight  and  nearly  vertical  for  a  short  distance  in 
front;  post-basal  side  extended.  Valves  convex,  the  right  valve  a 
little  less  convex  than  the  left.  Hinge  straight  from  the-  anterior 
side  of  the  beak  to  the  posterior  extremity.  Beak  anterior,  acute, 
prominent,  inclined  forward,  rising  above  the  hinge  in  the  left  valve. 
Umbonal  regions  prominent,  subtending  an  acute  angle.  Ear  short, 
oblique,  limited  by  a  deep  but  not  sharply  defined  sulcus.  Wing 
large,  triangular  not  distinctly  separated  from  the  body  of  the  shell. 
Margin  concave;  extremity  acute.  In  the  right  valve  the  ear  is  some- 
what more  extended,  the  sulcus  is  not  strong,  but  the  byssal  sinus  is 
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marked;  the  wing  is  proportioimlly  larger  and  usually  more  acute 
at  the  extremity.  Test  thick;  the  left  valve  in  well  preserved  speci- 
mens, is  marked  by  numerous  strong  simple,  sharp  rays,  which  are 
continuous  from  the  umbo  to  the  margin  with  rarely  intercalated 
finer  rays,  crossed  by  regular  sharp,  elevated  concentric  lamellae. 
On  the  wing  the  rays  arc  more  subdued  while  the  concentric  lamellae 
are  strong.  The  ear  is  marked  only  by  the  crowded  concentric  striae. 
On  the  right  valve  the  radii  are  obsolete  on  the  body  and  well  marked 
on  the  wing,  and  the  lamellose  expansions  are  conspicuous.  In  some 
cases  they  appear  as  undulating  elevated  lamellae.  Pallial  line  ex- 
tending parallel  to  the  margin  of  the  shell  and  terminating  in  a  mus- 
cular impression  on  the  posterior  slope.  A  small  muscular  impres- 
sion is  also  seen  just  in  front  of  the  beak,  and  obscure  indications 
of  one  or  two  cardinal  teeth.  Ligamental  area  narrow,  striated, 
marked  by  two  or  three  slender  grooves  which  are  slightly  divergent 
from  the  hinge  line.  One  of  the  original  specimens  of  A.  quadnila 
(=A.  hoydi)  has  a  length  of  30mm,  height  and  hinge  line  each 
28mm.  A  similar  specimen  has  length  of  25mm,  height  and  hinge 
line  each  23mm." 

This  species  occurs  abundantly  in  c(»rtain  hiycrs  at  a  few  localities. 
Usually,  however,  it  is  entirely  absent. 

Horizon  and  lonilHif. 

JefTersonvilh*  liiiiestoiic:  Pipe  Creek  Kails,  l^ncaster  and  Falls 
of  the  Oliio. 

PTERINEA. 

A.     Shell  very  large,  wing  not  strongly  defined.  P.  gtandif, 

A  A.     Shell  not  very  large,  wing  strongly  defined.  P.  fiabfUvm, 

rterlnea  flcdwlla  (Cou.)  Hall. 

1'liis   sjx'cics   (liU'ers    from    I*,    t/randis   in    its   snialh'r   size,   more 
strongly  defined  wing  and  shorter  form. 
Jt  is  a  rare  species. 

Horizon  and  lorolihi. 

Sellersburg  beds;  Lancaster  and  Falls  of  the  Ohio. 

Pterinea  grandis  Hall. 

\\  grandis  Hall.  Pal.  \.  Y.,  Yo].  V,  Pt.  I,  1S8I,  p.  91,  PI.  83,  fig.  14. 

llalVs  orif/inal  dcsrriplion. — '*S]ieli  very  large,  ca])acious,  oblique, 
subrlioniboidal,  body  broadly  ovate;  length  about  one-fifth  greater 
than  the  height:  margins  regularly  roundtnl,  broad  along  the  base. 
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and  a  little  produced  on  the  posterior  side.  Left  valve  convex. 
Right  valve  unknown.  Hinge  line  straight,  apparently  somewhat  less 
than  the  length  of  the  valve,  (imperfect  in  the  specimen).  Beak 
ohtuse,  prominent,  directed  forward.  TJmhonal  region  gibbous,  sub- 
tending an  angle  of  about  90  degrees.  Wing  large,  triangular,  not 
distinctly  defined,  margin  rounded  with  a  gentle  concavity  near  the 
junction  of  the  valve.  Ear  not  observed.  Test  thick,  marked  by 
distant  strong  radii  from  the  umbo  to  the  base;  the  interspaces  hav- 
ing alternate  larger  and  smaller  rays;  crossed  by  concentric  undulat- 
ing Limelloso  striae  of  growth.    Interior  unknown. 

"The  specimen  has  a  length  of  120mm,  height  100mm  and  the 
hinge  line  from  the  beak  to  the  extremity  of  the  wing,  95mm.'' 

No  other  specimens  besides  the  types  have  been  found. 

Formation  and  localily. 

'*Upper  llelderburg  limestone";  Scott  County. 

GLYPTODESMA. 

A.     Surface  with  strong  radiating  striae.  G.  cancfJlatum, 

A  A.     Surface  without  radiating  striae. 

h.  Limitation  between  the  body  and  posterior  wing  strongly  defined  ; 
shell  not  very  robust  and  surface  not  strongly  marked  by  the 
fascicles  of  striae.  G.  ereclum. 

bb.  Limitation  between  the  body  and  the  posterior  wing  not  strongly 
defined;  shell  robust  and  surface  strongly  marked  by  the  fas- 
cicles of  striae.  G.  occidentale. 

Glyptodesma  occidentale  Hall. 

Pl.Xin,fif8.4,5;  Pl.XIV.fig.L 

(;.  Occidentale  Hall,  Pal.  N.  Y.,  Vol.  V,  Pt.  I,  1884,  p.  157,  PI.  15, 
fig.  12;  PI.  Sfi,  fig.  9. 

IlalFs  description. — 'SShell  large,  broadly  ovaie;  body  nearly  erect; 
height  and  length  about  equal;  margins  regularly  curved.  T^eft 
valve  very  convex,  ^(ibbous  on  the  umbo.  Ri^ht  valve  unknown, 
llin^e  line  straight,  e(|ualin^  or  greater  than  the  length  of  the 
shell.  Beaks  anterior  to  the  shell  directed  slightly  forward,  acute 
and  prominent.  Umbonal  region  gibbous,  defined  anteriorly  by  the 
broad  sulcus  and  on  the  anterior  side  sloping  abruptly  to  the  wing. 
Anterior  wing  short,  defined  by  a  de(»p  sulcus  and  a  marked  byssal 
sinus.  Posterior  wing  large,  depressed  convex,  much  extended,  join- 
ing the  body  of  the  shell  below  the  middle,  and  defined  only  by  the 
recurving  of  the  striae;  margin  concave;  extremity  acute.  Test  thick 
marked  by  numerous  fine  striae  of  growth,  which  at  intervals  arc 
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crowded  into  fascicles^  producing  an  undulating  surface.  The  striae 
are  more  closely  arranged  and  become  lamellose  on  the  anterior  part 
of  the  shell.  On  the  posterior  wing  the  striae  are  regular,  and  at 
distant  intervals  a  single  striae  becomes  sharply  elevated.  Interior 
unknown.  The  specimen  of  this  species  described  has  a  length  of 
60mm;  height  66mm,  and  hinge  line  cqiwl  to  or  greater  than  the 
length  of  the  shell.^^ 

The  right  valve  of  this  species  is  much  less  convex  than  the  left; 
the  umbonal  region  is  moderately  convex,  while  the  lower  half  of  the 
valve  is  nearly  flat.  The  surface  is  somewhat  rugose  from  the 
fascicles  of  striae,  but  less  so  than  that  of  the  left  valve. 

A  cast  of  the  interior  shows  a  large  posterior  muscular  impression 
near  the  middle  of  the  posterior  slope.  From  the  lower  anterior  side 
of  this  impression  the  pallial  line  curves  downward  and  forward,  and 
then  upward,  terminating  in  the  rostral  cavity. 

This  is  a  very  abundant  species  in  the  chert  of  the  Sellersburg 
beds. 

Formation  and  locality. 

Sellersburg  beds;  Falls  of  the  Ohio,  Scipio,  Paris  Crossing,  Lan- 
caster, Charlestown,  Hanover,  and  Bartholomew  County. 

Oly])tode8ma  erectum  Hall. 

G.  erectum  Hall,  Pal.  N.  Y.,  Vol.  V,  Pt.  I,  p.  153,  PI.  11,  figs.  1-10; 
PI.  12,  fi^rs.  1--5,  5-9;  PI.  13,  figs.  1-K  I'MT);  PL  25,  figs.  11-17;  PI.  86, 
figs.  1-8;  PI.  87,  figs.  1-a. 

This  species  is  most  closely  relaicd  to  (7.  occidenfahy  and  a  study 
of  a  large  series  of  specimens  would  j)i'()bably  show  that  the  latter 
is  a  variety  of  (/.  eredum.  (Jlypiodesina  erectum  differs  from  G.  occi- 
deniale,  according  to  Hall,  in  its  less  robust  form,  in  being  less  orbic- 
ular, and  less  gibbous  in  the  mnbonal  region;  the  surface  is  less 
rugose  from  the  undulations  of  the  fascicles  of  striae  and  the  limita- 
tion between  the  body  and  the  potserior  wing  is  less  strongly  defined. 

Horizon  and  loralifi/. 
JctTersonville  limestone;  Scipio,  Lancaster  and  Falls  of  the  Ohio. 

Ghjptodeimia  cancellata  Nettlerolh. 

G.  cancellata  Nett.,  Ky.  Foss.  Shells,  1889,  p.  227,  PI.  5,  fig.  1. 

Nettleroth  described  this  species  from  a  specimen  found  in  the 
"Corniferous  limestone''  at  the  Falls  of  the  Ohio.  No  other  speci- 
mens have  been  found  so  far  as  I  know. 
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Leptodesma  rogersi  Hall. 

Pl.XIII,flff8.3,3a,3b. 

L.  rogersi  Hall,  Pal.  N.  Y.,  Vol.  V,  Pt.  I,  p.  176,  PI.  21,  figs.  1-9. 

HalVs  description. — "Shell  of  small  or  raedium  size,  subrhom- 
boidal;  body  ovate,  very  oblique;  length  greater  than  the  height, 
anterior  and  basal  marginfe  broadly  rounded;  posterior  margin  ex- 
tended and  abruptly  recurved.  Valves  equally  convex  above.  Bight 
valve  somewhat  depressed  below,  comparatively  higher  than  the 
left.  Hinge  line  straight,  longer  than  the  length  of  the  shell.  Beak 
subanierior,  obtuse,  nearly  erect,  prominent.  Umbonal  region  gib- 
bous, oblique.  The  anterior  extremity  is  scarcely  alate  or  auriculate, 
consisting  of  a  rounded  extension,  straight  above  and  highly  sinuate 
at  the  base.  Wing  comparatively  large,  triangular,  joining  the  body 
of  the  valve  near  the  posterior  extremity,  defined  by  the  crowding 
and  curving  of  the  concentric  striae;  margin  nearly  straight  for  five- 
sixths  of  it«  extent,  then  acutely  recurving;  extremity  prolonged  into 
a  mucronate  spine  which  extends  beyond  the  posterior  limit  of  the 
valve.  In  the  right  valve  the  wing  is  less  deeply  sinuate.  Test  thin, 
marked  by  closely  arranged  concentric  striae,  which  at  irregular 
intervals  are  crowded  into  fascicles,  producing  a  gently  undulating 
surface.  On  the  wing  the  striae  are  closely  arranged  and  just  below 
the  hinge  line  are  turned  backward  along  the  spiniform  extension 
of  the  wing.  Interior  unknown.  I^igamental  area  narrow,  several 
fine  grooves  parallel  to  the  hinge." 

All  of  my  specimens  are  small;  the  largest  measures  30/50  of  an 
inch  from  the  beak  to  the  base,  24/50  of  an  inch  in  height  and  30/50 
along  the  hinge  line  to  the  base  of  the  mucronate  extension.  The 
mucronate  extension  of  the  hinge  line  seen  in  the  New  York  speci- 
mens has  not  been  observed.  This  may  be  due  to  the  imperfection  of 
the  spec i mens  secured.  This  species  has  been  found  at  but  one  local- 
ity, where  it  occurs  abundantly  in  a  limestone. 

Formation  and  locality. 

Jeffersonville  limestone;  Pipe  Creek  Falls. 

Ptydiodeima  knappianum  H.  and  W. 

PI.  XV,  figs.  2, 2a,  2b,  2c. 

P.  knappianum  Hall  &  Whitfield,  21th  Rep.  N.  Y.  State  Mus. 
Nat.  Hist.,  1872,  p.  192. 

Hall  and  Whitfield's  original  description. — "Shell  obliquely  ovate, 
compressed  posteriorly,  and  more  or  less  ventricose  in  the  middle 
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and  toward  the  front;  hinge  line  short,  beaks  subterminal;  anterior 
end  truncated  at  right  angles  to  the  hinge  line.  Surface  marked  by 
fine  concentric  striae  with  more  distinct  laminae  of  growth.  Liiga- 
mental  area  well  developed,  sublinear,  deeply  grooved  on  the  sides, 
the  grooves  and  intermediate  ridges  slightly  inclined  toward  the 
hinge  line  on  both  sides  of  the  apex.  The  area  shows  seven  grooves 
and  eight  ridges  on  each  valve;  but  these  increase  in  number  with 
the  growth  of  the  shell,  and  are  therefore  not  of  specific  value.  This 
sh(»ll  bears  much  resemblanc^e  externally  to  some  forms  of  Modio- 
morpha  and  Nyassa;  but  the  deeply  grooved  ligamental  area  is  a 
distinctive  feature.'' 

The  hinge  has  about  three  short  oblique  hinge  teeth  just  below  the 
beaks,  and  two  long  teeth  near  the  posterior  end  of  the  hinge,  having 
a  direction  parallel  with  it.  In  the  larger  specimens  the  upper  mar- 
gins of  the  hinge  area  are  usually  distant,  showing  the  deeply  grooved 
area;  the  smaller  specimens  have  the  margins  of  the  hinge  area 
closely  aj)pre8sed  and  the  area  is  not  exposed. 

Formation  and  locality. 

Sellersburg  beds;  ('harlestown  and  the  Falls  of  the  Ohio. 

Sehizodtis  contradtu  Hall. 

Pl.XV,6g.9. 

S.  contractus  Tlall,  T^al.  N.  Y.,  Vol.  V,  Pt.  T,  1885,  p.  151,  PL  75, 

figs.  27,  28. 

Ifair.s  orh/inal  description. — '\Sholl  small,  ovate,  cuneate;  length 
one-third  greater  than  the  height;  basal  margins  regularly  curving. 
Posterior  extreiiiitv  pointtul,  nasute  below,  obliquely  truncate  above, 
(■ardiiial  line  more  than  half  the  length  of  th(^  shell.  Anterior  end 
short,  regularly  rounded.  Valves  regularly  convex  below,  gibbous 
in  the  middle  and  above,  lieaks  at  about  the  anterior  third  promi- 
nent, incurved,  tlaitened.  I'ndmnal  slope  distinctly  angular,  extend- 
ing to  the  |)ost-inreri()r  extremity.  l*ost-eardinal  slope  concave, 
marked  by  a  narrow  de])ression  near  the  cardinal  line.  Surface 
marked  by  line  elevated  sharp  iilirorni  eoneentrie  striae,  which  be- 
come rascieuhite  towards  the  margin:  also  sometimes  marked  by  very 
fin(*  radiating  striae.  Anterior  muscular  imj)ressions  strongly  limited 
postcM'iorly.  1\vo  s])e<'imens  measure  resi)e(-tively  14  and  15nim  in 
length  and  10mm  in  height/' 

This  species  is  very  rare.  Aly  collection  contains  only  one  speci- 
men. It  is  much  smaller  than  the  specimens  figured  by  Ilall,  meas- 
uring in  length  32/50  of  an  inch  and  in  height  31/50  of  an  inch. 
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In  other  respects  it  agrees  with  Hall's  figures  and  description.  The 
muscular  impressions  are  situated  near  the  beak,  the  anterior  im- 
pression l)eing  slightly  nearer  the  beak  than  the  posterior. 

Formation  and  localily, 

Jeffersonville  limestone;  Newbem,  Bartholomew  County,  and  Lan- 
caster. 

PARACTCLA8. 

A.     Anterior  end  of  shell  produced  and  flattened,  posterior  blope  marked  by  an 
oblique  Bulcus.  P.  ohioennB. 

A  A.     Anterior  end  of  shell  not  flattened,   posterior  slope  without  an  oblique 
sulcus. 

b.     Beaks  anterior,  elliptical  in  bhape.  P.  elongata, 

bb.     Beaks  central  or  subcentral,  circular  orsnbcircuUr  in  shape. 

c.     Shell  medium  sise,  marked  by  strong  subaugular  concentric 

ridges.  P.  lirata, 

cc.     Shell  large,  marked  by  fine  concentric  striae,  aggregated  into 

fascicles  at  irregular  distances.  P.  elfipUca, 

Parcunydas  eUiptica  Hall. 

P.  elliptica  var.  occidentalis.  Hall  and  Whitfield,  24th  Ann.  Rep. 
N.  Y.  State  Mus.  Nat.  Hist.,  p.  18J),  1872. 

Hall  and  Whitfield's  description. — *'Shell  orbicular,  of  medium  size, 
nearly  circular  in  outline,  with  regularly  cur\ung  valves  and  small, 
closely  appresscd  and  approximate  beaks,  centrally  situated.  Cardi- 
nal border  very  slightly  excavated  just  anterior  to  the  beaks,  but 
roundtKJ  and  full  behind.  The  sinus  just  within  the  posterior  cardi- 
nal margin  (so  characteristic  of  the  group)  is  but  slightly  developed. 
Surface  marked  by  strong,  sharp  striae  which  are  often  developed 
into  irregular  ccmcentric  ridges." 

This  species  is  rather  common  in  some  localities. 

Fnrwatii)n  and  hrality. 

Sellersbiirg  beds  and  Jeffersonville  limestone;  Falls  of  the  Ohio, 
Watson,  Charlestown,  Lexington,  Pipe  Creek  Falls  and  Keysport. 

Paracyclas  lirata  (Conrad). 
PI.  XV.  fig.  10. 

P.  lirata  Hall,  Pal.  N.  Y.,  Vol.  V,  Vt.  I,  1885,  p.  441,  PL  72, 
figs.  2-11);  PL  1)5,  fig.  19. 

llalVs  dfsrri/jfion. — '*Shell  of  medium  size,  subcircular  or  broadly 
elli])ticai;  length  a  little  greater  than  the  height;  margins  regularly 
rounded.    C^ardinal  line  short,  less  than  half  the  length  of  the  shell. 

43-Oeol. 
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Valves  moderately  convex  below,  becoming  gibbous  on  the  middle 
and  above.  Beaks  anterior  to  the  center,  small,  appressed,  rising 
but  little  above  the  hinge  line.  Post-cardinal  slope  not  defined. 
Surface  marked  by  fine  concentric  striae,  and  by  strong  subangular 
concentric  ridges,  which  are  more  or  less  sharply  defined,  depending 
upon  the  condition  of  the  specimen  and  the  nature  of  the  matrix  in 
which  the  fossil  is  imbedded.  Ligamental  grooves  distinctly  marked 
and  only  moderately  divergent  from  the  cardinal  margin. 

"Four  specimens  measure  respectively  15,  19,  26,  and  29mni  in 
length  and  13, 18  and  25.5mm  in  height." 

This  is  a  common  species  in  the  "Cement  rock"  of  southern  In- 
diana. 

Horizon  and  locality, 

Sellersburg  beds;  Falls  of  the  Ohio,  Lexington  and  Charlestown. 


Paracyclas  elongaia  Nettleroth. 

P.  elongata  Nett.,  Ky.  Foss.  Shells,  1889,  p.  210,  PI.  2,  fig.  8. 

NetthroWs  original  description. — "This  shell  resembles  very  closely 
P.  Virata  of  ( •onrad,  but  differs  from  it  greatly  in  form,  so  much  so, 
that  any  one  must  distinguish  the  two  species  at  the  first  glance. 
While  P.  lirala  has  almost  the  shape  of  a  regular  circle,  this  shell 
lias  the  form  of  an  ellipse,  in  which  the  larger  axis  exceeds  the 
smaller  one  considerably.  In  this  sliell  the  width  is  only  about  three- 
fourths  of  the  length.  It  is  covered  witli  strong  concentric  striae 
which  are  sharply  marked,  almost  all  parallel  to  each  other  and 
equidistant.  The  depression  of  the  dorsal  margin  in  front  of  the 
beaks  is  very  conspicuous:  the  illustration  does  not  show  this  at  all 
or  very  faintly.  ^V\w  beaks  are  close  to  the  anterior  margin;  the  an- 
terior slope  is  steep,  while  the  posterior  one  has  little  fall.  The 
size  of  this  shcMl  varies  in  different  specimens;  it  agrees  generally 
with  that  of  P.  lirala.  Both  valves  are  nuxleratelv  convex.  It  differs 
from  P.  liruta  by  its  elongate  shape,  and  by  the  position  of  its  beaks, 
which  is  subaiiterior.  while  the  pr»sition  of  the  beaks  in  P.  lirata 
is  almost  central." 

This  species  is  known  only  from  NettlerotlTs  description. 

Formal  ion  and  localiiif. 

Sellersburg  beds;  Clark  County. 
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Paracydas  ohioentis  (Meek). 

.      Pl.XV.fifi.l.U.lb. 

Liicina  (Pararyclas)  ohioensis  Meek,  Pal.  Ohio,  Vol.  1,  1873,  p.  199, 
PI.  18,  fig.  7. 

Meek^s  description. — **Shell  apparently  not  attaining  a  medium  size, 
comprc^sod,  more  or  less  nearly  circular;  beaks  small,  central,  de- 
pr(»P8ed  nearly  to  the  dorsal  line,  and  contiguous;  anterior  margin 
rather  abruptly  compressed  above,  just  in  front  of  the  beaks;  hinge 
margin  short  and  rounding  into  the  posterior  dorsal  outline;  surface 
ornamented  with  small  more  or  less  regular,  concentric  undulations, 
most  strongly  defined  on  the  umbones  and  very  fine  lines  of  growth; 
posterior  dorsal  slopes  of  each  valve  marked  by  a  strongly  oblique 
sulcus,  extending  from  the  back  part  of  the  beaks  to  the  upper  part 
of  the  posterior  margin,  to  which  it  impart*  a  slightly  sinuous  outline 
at  its  termination.  Tjength,  0.46  inch;  height,  0.42  inch;  convexity, 
0.18  inch." 

This  is  one  of  our  rarest  species.  I  have  seen  but  four  specimens, 
which  differ  considerably  from  each  other  and  also  from  Meek's 
figures  in  outline,  but  which  probably  belong  to  the  same  species. 

Form  of  inn  and  lorality. 

Sellersburg  beds;  Falls  of  the  Ohio  and  Rumsville,  Bartholomew 
Count  v. 

Paraeyclas  ocUrUmii  Nettleruth. 

After  examining  the  types  of  this  species  I  am  inclined  to  regard 
them  as  distorted  specimens  of  Paracydas  elUptica, 

Cardiopm  eroMicostata  Hall  and  Whitfield. 

i\  crassicost^ta  Hall  and  Whitfield,  24th  Rep.  N.  Y.  State  Mus. 
Nat.  Hist.,  p.  188;  2rth  Rep.  N.  Y.  State  Mus.  Nat.  Hist.,  1875,  PI. 
12,  fig.  9. 

This  species  was  described  from  specimens  found  in  the  "upper 
limestone"  at  Louisville,  Kv.  It  doubtless  occurs  in  southern  Indi- 
ana,  but  T  have  not  seen  it. 
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NX7CUUL. 

A.     Beaks  subcentral. 

b.     Shell  Bmall,  leas  than  ]  of  an  inch  in  length.  N.  lamellosa. 

bb.     Shell  large,  more  than  one  inch  in  length.  N,  hanoverenn*, 

A  A.     Beak8  anterior. 

c.     Surface  marked  by  radiating  striae  which  cross  the  strong 
concentric  nndulations.  N.  lirata. 

cc.     Surface   without  radiating  striae,    marked    by    concentric 
striae, 
d.     Anterior  margin  almost  vertically  truncate. 

N,  niotiea, 
dd.     Anterior  margin  not  vertically  truncate. 

e.     Anterior  and  posterior  extremities  pointed, 
height  and  depth  of  shell  equal. 

iV.  Aer*er». 

ee.     Anterior  and  posterior  extremities  rounded, 

height  greater  than  the  depth. 

f.     Shell    Hubequ {lateral,     triangnlar     in 

form.  N.  earbuliformig, 

II.     Shell  rhomboid,  ovate  in  form. 

Xucula  hanoverenm  n.  sp. 

PI.  XIV,  fiff.  3. 

Size  and  form  as  iiidieated  by  the  figure.  \'alves  not  very  gibbons. 
Heaks  sub<*entral;  the  internal  cast  shows  a  broad  dei)resstHl  belt  ex- 
tending around  the  margin  from  the  anterior  end  of  the  hinge  line 
to  the  posterior  extremity  of  the  sliell.  Al)ove  this  band  the  valves 
are  moderately  and  uniformly  eonyex.  Stron^rly  marked  anterior  and 
posterior  muscular  scars  are  located  just  inside  the  hinge  line  near 
each  en<l  of  the  sliell.  A  small  retractor  scar  occurs  on  the  posterior 
side  of  the  large  anterior  scar.  The  hinge  line  bet\yeen  the  anterior 
and  {>osterior  muscular  scars  is  crenulated  by  transyerse  teeth.  The 
surface  markings  are  unknown. 

The  spe<-imen  described  was  found  by  Mr.  Taylor,  of  Hanover, 
in  the  T^p])er  Deyonian  chert. 

Fin'maiioH  and  localifi/. 

JefTersonyille  limestone;  JefTerson  County. 

Niicida  herzeri  Nettleroth. 

X.  herzeri  N>tt.,  Ky.  Foss.  Shells,  1880,  p.  221. 

XetfhroiKs  original  description. — *'Shell  small,  siibtrigonal;  very 
gibbous;  length  one  and  one-half  the  height;  both  terminal  extremi- 
ties very  narrow,  almost  pointed;  beaks  prominent  and  closely  in- 
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curved;  situated  about  one-fourth  of  the  whole  length  from  the 
anterior  end:  basiil  margin  in  it«  main  portion  only  slightly  convex, 
even  at  its  anterior  end,  where  it  joins  the  anterior  margin,  which  is 
most  |)roininent  close  to  the  basal  line;  at  the  posterior  end  the  basal 
margin  tunis  in  a  h'ght  regular  curve  upwards  to  the  very  narrow, 
often  pointed  post<>rior  margin.  The  cardinal  margin  slopes  in  a 
straiglit  line  down  to  the  posterior  extremity,  and  with  an  inflected 
(airve  very  abruptly  to  the  anterior  extremity;  umbones  very  ventri- 
cose,  making  the  thickness  of  the  shell  equal  to  its  height. 

^-This  s])ecies  is  associated  with  Xiic.  nioiira  and  ned^i,  which  it 
resend)les  in  some  points,  but  is  easily  distinguished  from  them  by 
its  elongate  form,  its  pointed  terminal  extremities,  and  the  equality 
between  its  depth  and  height.  An  average  sized  specimen  of  this 
species  has  the  following  dimensions:  Tx'ngth,  one-half  inch;  height 
and  depth,  one-third  of  an  inch." 

This  spt'cics  was  described  by  Xcttleroth  witliout  figures  from  the 
*'chertv  lavers  of  the  bvdraulic  cement  rock.'*     I  have  not  seen  it. 

•  •  • 

Formal  {(fti  am  J  local  if  y. 

Sellersburg  limestone;  Falls  of  |lu»  Ohio. 


Nueida  corbnliformU  Hall? 
PI.  xiv,  fig.  6. 
N.  (orbiiliformis  llalL  Tab  N.  Y.,  Vol.  Y,  IM.  I,  188.5,  p.  319,  PI. 

Hi,  tigs.  (U),  11?).  '>\-:]\  (;)r>-;5(>-;n?). 

Shell  subtriangular,  moderately  giblxMis:  cardinal  line  slightly  ar- 
cuate, hasjil  mar^nii  broadly  rounded;  anterior  eiul  gently  rounded. 
I>caks  not  very  proniiiuMit,  incurvcMl;  a  wide  faintly  nuirked  (le|)ression 
extends  \'vn\u  the  uiiihones  to  the  basal  mnrgin.  A  subangular  arcuate 
uinbonnl  riilgc  extends  to- the  post-basal  nuirgin.  Surface  nuirked 
by  fine  concentric  striae  with  varices  of  growth.  The  specimen  meas- 
ures in  length  T  10  of  an  inch,  in  height  5/10  of  an  inch,  and  in 
thickness  3/10  of  an  inch. 

This  specimen  differs  from  llalTs  descri])tion  and  figures  of  this 
species  in  j)ossessing  a  rather  distinctly  defnuMl  umbonal  slope  and  a 
faint  de|)ression  across  the  middle  of  the  valves.  Tt  is  therefore  with 
some  doubt  that  I  refer  it  to  N.  corhuUformis. 

Ffinnafinn  and  locality. 

Sellersburg  limestone;  Chnrlestown. 
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Nmeula  lirata  Conrad. 

This  species  is  reported  from  the  "Comiferous  group*^  in  Shelby 
County  by  John  Collett.*    I  have  not  seen  it. 

Nucula  neda  Hall. 

PI.  XIV,  fig.  4. 

N.  neda  Hall,  Pal.  N.  Y.,  Vol.  V,  Pt.  L  1885,  p.  314,  PI.  45,  figs. 
3,4. 

HalVs  description. — "Shell  of  medium  size,  rhomboid-ovate  cune- 
ate;  length  about  one-fifth  greater  than  the  height;  basal  margin 
broadly  rounded;  cardinal  margin  sloping  to  the  anterior  and  pos- 
terior extremities,  which  are  abruptly  rounded.  Valves  gibbous,  with 
the  umbones  ventricoso.  Beaks  a  little  more  than  one-third  the 
length  of  the  shell  from  the  anterior  end,  prominent  and  incurved. 
The  surface  has  been  marked  by  fine,  concentric  striae.  The  cast 
shows  strong  anterior  and  posterior  muscular  impressions,  with  three 
or  four  umbonal  muscular  scars  and  a  narrow  protractor  scar  just 
within  the  cardinal  line,  and  anterior  to  the  posterior  muscular  area, 
as  usual  in  the  genus.  The  number  of  teeth  can  not  be  determined, 
but  there  are  as  many  as  six  or  eight  on  the  posterior  side,  with  a 
distinct  ligamental  cavity  in  the  cast  beneath  the  beak.  The  speci- 
men described  has  a  length  of  21mm  and  a  height  of  17mm." 

This  is  a  rather  common  species. 

Formation  and  locality. 

Sellersburg  beds;  Charlestown,  Falls  of  the  Ohio. 

Nucida  niotica   Hall. 

PI.  XIV,  figs.  6,7. 

N.  niotica  Hall,  Pal.  K  Y.,  Vol.  V,  Pt.  I,  1885,  p.  313,  PI.  45, 
figs.  1,  2. 

Hairs  descriptio?). — **Shell  small,  obtusely  subcuneiform;  length  a 
little  greater  than  the  height;  basal  margin  regularly  curving, 
rounded  posteriorly;  cardinal  margin  very  oblique;  anterior  margin 
vorticallv  truncate.  Valves  verv  fribbous.  Beaks  anterior  incurved. 
Umbo  prominent,  lunbonal  slope  very  gibbous.  Test  very  thick  in 
the  upper  j)art,  marked  by  fine  even  concentric  striae,  which  arc 
aggregated  into  fascicles  of  growth. 


'^'lltb  Ann.  Rep  Ind.  Dept.  Geo],  and  Nat.  Hist.,  p.71, 
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"The  interior  cast  shows  strong  anterior  and  posterior  muscular 
impressions  and  three  distinct  umbonal  muscles;  there  are  seven  or 
more  posterior  and  five  anterior  teeth  in  a  specimen  of  medium  size. 
An  internal  mould  has  a  length  of  17mm,  and  a  height  of  13mm. 
A  specimen  preserving  the  test  has  a  length  of  18mm,  and  a  height 
of  16mm.'' 

The  specimen  figured  measures  in  length  i  of  an  inch;  in  thick- 
ness 6/25  of  an  inch. 

This  is  not  an  uncommon  fossil. 

Formation  and  locality, 

Sellersburg  beds;  Clark  County. 

Nucula  lamellata  Hall. 

PI.  XIV.  fig.  2. 

N.  lamellata  Hall,  Pal.  N.  Y.,  Vol.  V,  Pt.  I,  1885,  p.  320,  PI.  51, 
figs.  18-21;  PL  45,  fig.  13  (?);  PL  93,  fig.  T. 

H all's  description. — "Shell  small,  elongate  ovate,  truncate  behind; 
length  twice  the  height;  basal  margin  broadly  curving,  straight  or 
slightly  arcuate  in  the  middle;  posterior  margin  short,  obliquely 
truncate.  Cardinal  line  straight,  directed  somewhat  upward  toward 
the  anterior.  Anterior  end  large  and  regularly  rounded.  Valves 
gibbous  with  a  broad  flattened  depression  extending  from  the  beaks 
to  the  base  and  sometimes  slightly  constricting  the  margin.  Beaks 
subcentral  or  posterior  to  the  middle  of  the  shell,  incurved,  rising  a 
little  above  the  hinge  line.  Umbo  gibbous.  Umbonal  slope  obtusely 
subangular,  extending  from  the  beak  to  the  post-basal  extremity, 
declining  abruptly  to  the  cardinal  line.  Surface  marked  by  regular 
strong,  lamellose,  concentric  striae  which  appear  to  be  made  up  of 
aggregations  of  extremely  fine  striae.  Six  or  eight  strong  trans- 
verse teeth  are  preserved  on  each  side  of  the  beak.  Three  specimens 
measure  respectively  9,  8  and  7mm  in  length,  and  4.5,  4  and  3.5mm 
in  height.^^ 

The  only  specimen  which  I  have  found  agrees  perfectly  with  the 
above  description  of  the  New  York  specimens,  except  in  size.  It  is 
much  larger,  measuring  17/25  inches  in  length  and  8/25  inches  in 
height.  The  surface  is  marked  by  about  25  lamellose  striae.  Their 
indistinctness  near  the  middle  of  the  shell  appears  to  be  due  to  the 
state  of  preservation.  The  cast  shows  a  strong  anterior  and  posterior 
muscular  scar. 

Formation  and  locality. 
Jeffersonville  limestone;  in  chert  beds  at  Bumsville. 
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MODIOMORPHA. 

A.     Concentric  striae  prominent  and  regular.  Jl/.  concentrica. 

AA.     Concentric  striae  not  prominent,  more  or  less  irregular. 

b.     Shell  medium  size,  cardinal  line  Btraight  or  almost  straight. 

c.  Posterior  end  abruptly  rounded,  surface  without  strong 
varices  of  growth.  Anterior  end  limited  by  a  flatten- 
ing of  the  valves  extending  from  the  beak  to  the 
margin.  M.  recta. 

cc.  Posterior  end  greatly  rounded,  surface  marked  by  strong 
varices  or  concentric  zones,  anterior  end  not  limited 
by  a  flattening  of  the  valves.  Jtf.  eharlestownensis, 

bb.     Shell  large,  cardinal  line  usually  arcuate. 

'  d.     Anterior  end  extended,  umbonal  ridge  not  defined,  shell 

rather  elongate.  M.  myUloides, 

dd.     Anterior  end  slightly  extended,  umbonal  ridge  gibbous 

and  arcuate,  shell  rather  broad. 

e.     Cardinal  margin  nearly  straight,  anterior  end  rather 

wide  below  the  beaks.  3f.  alta. 

ee.     Cardinal    margin    distinctly    arcuate,    anterior    end 

narrow  below  the  beaks.  M,  affinin. 


Modiomorpha  coji^ientrica  Hall. 

Pl.XIV,figi.lO,ll. 

M.  eoncentrica  TTall,  Pal.  N.  Y.,  Vol.  V,  I^t.  T,  1885,  p.  275,  PI.  34, 
figs.  9,  10;  PI.  35,  figs.  1-5;  PI.  'M\,  f\gi^.  1-1(>  (17,  18?). 

/fairs  drsrrijtfion. — ''Sholl  of  modiiiin  size,  ovatcs  extremely  vari- 
able in  its  j)r(>p()rti()ns;  It^ngtli  l(»ss  tlian  twice  the  height;  basal  mar- 
gin often  nearly  straiglit,  usually  a  littlr  concave  on  the  anterior 
thirrl;  posterior  margin  al)ruptly  rounded  below  and  more  gently 
curving  above:  cardinal  nuirgin  obh'que  in  the  prevailing  forms,  mod- 
erat-ely  arcuate,  often  nearly  straight,  su])alate  in  many  specimens. 
Anterior  (^d  jjroduced  beyond  the  beaks,  abruptly  rounded,  some- 
times nasute,  limited  by  a  broad  depression  extending  from  the  beak 
to  about  the  anterior  third  of  the  basal  martrin.  Valves  moderately 
convex,  gibbous  along  the  umbonal  slope:  the  ])oint  of  greatest  con- 
vexity is  about  the  anterior  third  of  the  length  of  the  shell.  Hinge 
line  extending  half  or  sometimi^  more  than  half  the  length  of  the 
shell.  P>eaks  subanterior.  small,  sharply  angular,  ap])ressed,  directed 
forward.  T^mlxmal  I'egion  a  jirominent  subangular  (devation,  extend- 
ing obliquely  from  the  beak  toward  the  ])ost-basal  margin,  usually 
dying  out  before  the  middle  of  the  length  of  the  slndl.  Test  eom- 
parativelv  thick,  stronsrlv  ornamented  bv  rei^ndar  concentric  rounded 
or  subangular  striae,  which  become  lamellose  and  coalescing  on  the 
anterior  end  of  the  valves,  where  they  are  less  ]>rominent.     Anf^rior 
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inuseiilar  iiiipression  strong  striated,  situated  just  within  the  anterior 
margin,  wltli  a  small  retnu-tor  scar  above  it.  Posterior  impression 
large  ajid  sliallow.  Pallial  line  moderately  impressed,  llinge  fur- 
nished with  a  strong  cardinal  tootli  just  posterior  to  the  beak  in  the 
left  valve,  and  a  corresponding  depression  in  the  right  valve.  No 
j)roper  hiteral  teeth  have' been  observed,  but  the  cardinal  margin  is 
thickened  and  grooved  from  the  beak  backward  about  half  the  length 
of  the  cardinal  line.'' 

This  species  is  ran;,    i  liave  seen  no  perfect  specimens  of  it. 

F arm  (I  I  i (HI  and  locality. 

Sellersburg  beds;  Watson,  Charlestown,  Lexington  and  Falls  of  the 
Ohio. 

Modiomorpha  charlestownensis  Nettleroth. 

M.  charlcstowncnsis  Nett.,  Ky.  I''oss.  Shells,  1889,  p.  5^18,  PI.  5, 
figs.  7,  8  and  D. 

This  shell  was  described  by  Nettleroth  from  the  "'Hydraulic  lime- 
stoju*"  (Sellersburg  beds)  in  Clark  County.  1  bave  not  seen  it.  It  is 
closely  relat^'d  to  M.  ronrenfrira,  according  to  Nettleroth,  from  which 
it  dilfers  in  its  elongate  form,  greater  gibbosity,  its  linguiform  pos- 
terior end  and  the  marked  concentric  zones  on  its  surface. 

Modiomorjiha  mytdoides  Cod. 

:\r.  inyteloides  Hall,  Pal.  N.  Y.,  1885,  Vol.  V,  V\.  I,  p.  277,  PL  37, 
fig.  2;  PI.  38,  figs.  Mf). 

I  have  not  re(ognize<l  this  species  in  my  collection,  but  Nettleroth 
re])orts  it  from  Watson's  Station,  Clark  County,  Jissociated  with 
M.  concenlrica  and  M.  affinis, 

Modiomorpha  affinU  Hall. 

PI.  XIV,  fig.  9. 

Sliell  large,  gibbous,  cardinal  line  arcuate,  basal  margin  straight; 
beaks  closely  incurved,  not  prominent;  anterior  end  short  and  regu- 
larly rounded.  X^mbonal  ridge  rounded,  curved  slightly  upwards. 
A'alves  gibbous  in  the  middle  and  up])er  part,  nearly  flat  between 
the  middle  and  basal  margin  anterior  to  the  umbonal  ridge. 

The  only  sj)ecimen  which  T  have  seen  measures  in  length  2§  inches, 
lieigbt  n  inches;  thickness  1  1/10  inches. 

Varwalinn  and  locality, 

Sellersburg  beds;  Clark  County. 
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Modiornorphora  alta  Hall. 
PI.  XIV.  fig. «. 

M.  alta  HaU,  Pal.  N.  Y.,  1885,  Vol.  V,  Pt.  I,  p.  278,  PL  37,  figs. 
1,  2  (4-6?),  7-12,  15,  16;  PI.  80,  fig.  7. 

HalVs  description. — "Shell  larger  than"  the  medium  size,  broad 
rhomboid  ovate;  length  one-third  greater  than  the  height;  the  basal 
margin  for  two-thirds  of  its  length  from  the  anterior  curve  is  nearly 
straight,  varying  from  slightly  concave  to  nearly  straight,  abruptly 
curving  at  the  post-basal  extremity,  and  continuing  to  the  post-cardi- 
nal margin  in  an  oblique,  gently  curved  outline.  In  some  examples 
the  posterior  margin  is  regularly  curved,  cardinal  margins  sometimes 
•forming  a  nearly  straight  line,  usually  gently  arcuate.  In  some  ex- 
amples the  posterior  margin  is  regularly  curved,  cardinal  margin 
sometimes  forming  a  nearly  straight  line,  usually  gently  arcuate. 
Anterior  end  produced  beyond  the  beak  from  one-sixth  to  one-fourth 
the  length  of  the  shell,  obliquely  truncated,  obtuse,  rounded  below; 
its  greatest  extension  is  below  the  middle  of  the  shell.  Valves  convex 
gibbous  on  the  umbonal  and  medial  portions  of  the  shell;  the  um- 
bonal  ridge  is  gibbous  and  arched  upward;  the  point  of  greatest  con- 
vexity is  about  the  middle  of  the  shell  or  a  little  posterior.  The 
depth  of  both  valves  is  equal  to  two-thirds  of"the  height  of  the  shell. 
Hinge  line  straight,  oblique,  extending  for  less  than  half  the  length 
of  the  shell.  Beaks  rounded,  somewhat  appressed  directed  forward. 
Umbonal  region  not  strongly  defined,  depressed  anteriorly,  becom- 
ing gibbous  in  the  middle  of  tlie  shell,  «rradually  merging  into  the 
general  contour  in  the  posterior  portion.  Test  of  moderate  thick- 
ness, marked  by  irregular  concentric  striae  which  become  fasciculate 
and  produce  strong  concentric  ridges  at  irregular  intervals.  The 
surface  is  marked  by  fine  vascular  lines  similar  to  those  referred  to  in 
M.  myteloides.  The  anterior  muscular  impression  is  situated  close  to 
the  anterior  niargiii  of  the  shell,  with  a  small  retractor  scar  above  it. 
Other  characters  of  the  interior  are  unknown.  The  type  specimen 
has  a  length  of  68mm,  and  a  height  of  46mm." 

This  species  is  rare.  The  specimen  figured  measures  in  length 
2  1/10  inches,  height  IjJ  inches,  thickness  f  of  an  inch.  Two  of  these 
have  the  shell  of  Crania  sheldoni  attached. 

Formation  and  locality. 
Sellersburg  beds;  Watson,  Charlestown  and  Falls  of  the  Ohio. 
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Modiomorphora  recta  Hall 

M.  recta  Hall,  Pal.  N.  Y.,  Vol.  V,  Pt.  I,  1885,  p.  286,  PL  35,  fig.  9. 

I  have  not  seen  this  species.  It  was  described  by  Hall  from  speci- 
mens found  in  the  "cherty  layers  of  the  Hamilton  group,^'  (Sellers- 
burg  beds),  in  Clark  County. 

Sangumolitesf  9andttsleyen9iB  Meek. 

PI.  XVI,  figs.  6, 6a. 

S.  sanduskyensis  Meek,  Pal.  Ohio,  Vol.  1, 1873,  p.  209,  PL  18,  fig.  3. 

MeeFs  description, — "Shell  approaching  longitudinal-oblong  or 
trapezohedral  outline,  moderately  convex,  a  little  more  than  twice 
as  long  as  high,  and  slightly  narrower  anteriorly  than  behind;  cardi- 
nal margin  straight,  equaling  about  three-fifths  the  entire  length; 
basal  margin  nearly  straight  or  a  little  sinuous  towards  the  front, 
and  subparallel  to  the  hinge,  or  slightly  ascending  anteriorly  along 
its  entire  length  and  rounding  up  a  little  more  gradually  into  the 
front  than  behind;  posterior  extremity  compressed,  obliquely  trun- 
cated above  and  rather  narrowly  rounded  to  the  base  below;  anterior 
side  very  short,  sloping  rather  abruptly  from  the  beaks  above,  and 
narrowly  rounded  at  the  middle;  beaks  depressed  nearly  or  quite 
to  the  hinge  line,  compressed  and  placed  near  the  middle  of  the  an- 
terior third;  posterior  umbonal  slopes  not  regular  or  even  promi- 
nently rounded,  surface  only  showing  a  few  regular  furrows  and 
cjlight  undulations  of  growth,  most  distinct  below  the  middle  of  the 
valves.  Length  2.70  inches;  height  at  the  posterior  end  of  the  hinge, 
1.20  inches;  do  under  the  urabones,  1.04  inches;  convexity  about  0.52 
inch.'' 

The  specimens  which  I  have  referred  to  this  species  are  much 
smaller  than  the  specimens  figured  by  Meek;  the  largest  has  a  length 
of  1^  inches.  They  occur  as  casts  in  the  chert.  A  very  faint  cinc- 
ture extends  from  the  beak  diagonally  to  the  basal  margin;  there  is 
a  muscular  scar  below  the  beak,  just  inside  the  anterior  margin. 
This  shell  is  rather  rare. 

Formation  and  locality. 

Jeffersonville  limestone;  Buriisville  and  Newbern,  Bartholomew 
County. 

ORAMMYSIA. 

A.     Cincture  extending  from  the  beaks  to  basal  margin  strongly  marked. 

G.  subareiufta. 

AA.     Cincture  extending  from  beaks  to  basal  margin  not  well  defined  or  obsolete. 

b.     Posterior  slope  with  fine  radiating  striae.  0,  areuata, 

bb.    Potterior  slope  without  radiatiDg  striae.        0,  teeuiuia  var.  gibbomh 
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Orammysia  subarcuata  Hall  ?. 

PI.  XV,  fig.  3. 

A  single  imperfect  specimen  is  referred  to  this  species  with  some 
doubt.  Tlie  sliell  is  gibbous,  width  to  height  as  two  to  three,  beaks 
prominent;  a  fiiint  cincture  extends  from  the  beaks  to  margin  of 
shell;  surface  marked  by  strong  concentric  undulations. 

Formation  and  locality. 

Sellersbnrg  beds:  ('harleslown. 

(hammiftia  areuaia  Hall. 

G.  arcuata  Hall,  Pal.  N.  Y.,  Vol.  V,  Pt.  I,  1885,  p.  373,  PL  Gl, 
figs.  1-9;  PI.  G3,  fig.  G;  PL  93,  fig.  ^7. 

This  species  has  ])een  recognized  by  Hall  **in  the  cherty  layers 
above  the  Corniferous  lijnestone  at  tlie  Falls  of  the  Ohio."  T  have 
not  seen  it. 

Oraminysia  secunda  var.  gibbosa  H.  and  W. 

G.  secunda  var.  gibbosa  II.  &  W.,  24th  Rep.  N.  Y.  State  Mus.  Nat. 
Hist.,  1872,  p.  199;  27th  Kep.  N.  Y.  State  Mus.  Nat.  Hist.,  1875, 

PL  12,  figs.  7,  8. 

I  have  not  been  able  to  secure  specimens  of  this  shell.  It  has  been 
described  by  Hall  and  WhiKickl  from  **the  ilydranlic  limestone  at  tlu* 
Falls  of  the  Ohio." 

(JONIOrHORA. 

A.     Shell  marked  by  radiating  striae.  O.  truncata, 

AA.     Shell  without  radiating  striae.  O.  hamiltonensU, 

Goniophora  Jiamiltonenais  Hall. 

Pl.XVI,fiK8.4.6. 

0.  hamiltoncnsis  Hall,  Pal.  X.  Y..  Vol.  V,  Pt.  I,  p.  290,  PL  43, 
figs.  8-15,  17-21. 

Sludl  of  medium  size,  trapezoidal.  IcJi^dh  a  little  more  than  twice 
th(»  height;  baNd  margin  ni\*irly  straight,  sonu^times  sinuate  at  the 
terminus  of  the  sinus.  l*osterior  mariifin  obliciueiv  truneate.  Car- 
dinal  line  usuallv  parallel  witli  (he  l»asal  mar^rin,  sometimes  slijrhtlv 
areuate.  Valves  convex  below  the  umbonal  ridge,  and  concave  above 
it.  T'nd)onal  ridge  strongly  defined  and  angular,  extenditig  from  the 
beaks  lo  the  ])ost-basal  extrt^mitv  in  a  nearlv  direct  line.  A  broad 
undefined  sinus  which  is  sometimes  obsolete  extends  from  the  beak 
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to  the  anterior  basal  margin.  Siirfaee  marked  by  strong  concentric 
striae.  Cast  shows  a  deeply  impressed  muscular  scar  near  the  an- 
terior margin. 

This  species  is  not  uncommon  in  the  condition  of  casts  in  the  chert 
near  the  top  of  the  Devonian  limestone. 

Forrnaiion  and  locality, 

Jeifersonville  limestone;  Newbern  and  Bumsville,  Bartholomew 
County. 

Goni&phora  truncata  Hall. 

(I.  truncata  Hall,  Pal.  X.  Y.,  Vol.  V,  Pt.  1,  1885,  p.  298,  PI.  42, 
figs.  i)-10:  PI.  44,  tigs.  1-5. 

1  have  not  seen  this  shell.  Nettleroth  reports  it  to  occur  very 
rarelv  in  the  "Corniferous  limestone"  at  the  Kails  of  the  Ohio. 

» 

CTPBICARDINIA. 

A.     Shell  with  concentric  lines  of  growth.  C  cataraeta, 

AA.     Shell  with  lamellote  concentric  striae. 

b.     Concentric  lamellose  undulations  very  prominent  with  faint  radi- 
ating striae  crosbing  them.  C.  indenla. 
bb.     Concentric  lamello&e  striae  faint,  not  marked  by  radiating  striae. 

C  cylindriea.' 

Cypricardinia  indenla  Conrad. 

PI.  XV,  figs.  8, 8a. 

C.  indenta  Hall,  Pal.  X.  Y.,  Vol.  V,  Pt.  1,  1885,  p.  485,  PI.  79,  figs. 

r;-i(),  23;  ri.  j)g,  fig.  2. 

IfalVs  de^srriptiot}. — **Shell  of  medium  size,  subrhomboid-ovate; 
length  more  than  one-third  greater  than  the  height;  basal  margin 
nearly  straight,  slightly  sinuate  anterior  to  the  middle.  Posterior 
extremity  abni])tly  rounded  below  and  obliquely  truncate  above. 
Cardinal  line  straight  oblique.  Anterior  end  very  short,  rounded 
below.  Right  valve  convex,  often  extremely  gibbous.  Left  valve 
usually  depressed-convex  below  and  posteriorly,  becoming  moderately 
gibbous  in  the  umbonal  region.  Beaks  nearly  anterior  small  and 
aj)pressed,  rising  but  little  above  the  hinge  line.  Cincture  distinct 
upon  the  right  valve,  less  nuirked  upon  the  left  valve.  Surface 
marked  1)V  cxtremelv  fine  concentric  striae,  and  bv  uneniuillv  distant 
but  somewhat  regular,  lamellose,  imbricating,  concentric  undulations; 
and  in  \\r\\  |)reserved  specinu'iis  the  entire  surface  is  marked  by 
fine  striae  which  radiate  from  the  apex  of  the  shell,  and  in  some 
{•(►nditions  of  preservation  the  surface  shows  a  second  set  of  striae 
vertical  to  the  direction  of  the  lamellae.^' 
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This  is  a  common  species  in  northern  Indiana.  The  specimens 
appear  to  be  smaller  than  the  New  York  representatives  of  the 
species,  seldom  exceeding  a  half  inch  in  length.  Nearly  all  of  the 
shells  are  exfoliated  and  do  not  show  the  finer  surface  markings;  a 
few,  however,  show  traces  of  the  radiating  striae. 

Format  ion  and  locality, 

Jeffersonville  limestone;  Pipe  ('reek  Kails,  Bunker  Hill  and  Falls 
of  the  Ohio. 

Cyprtcardinia  cataraeta  Conrad. 

This  species  is  reported  by  Nettleroth  to  occur  in  the  "Cornifer- 
ous  limestone  at  the  Falls  of  the  Ohio.'' 

Cjfpricardinia  f  cylindrica  H.  and  W. 

C.  cylindrica  H.  W.,  24th  Keg.  Rep.  N.  Y.,  1870,  p.  190. 

C.  cylindrica  H.  W.,  27th  Reg.  Rep.  N.  Y.,  1875,  PI.  2,  figs.  5,  6. 

Hall  and  Whitfield's  original  description, — "Shell  cylindrical,  ex- 
tremities rounded,  height  little  more  than  the  depth,  and  rather 
more  than  twice  as  long  as  high;  beaks  nearly  terminal,  rounded  and 
incurved;  left  valve  scarcely  less  convex  than  the  opposite;  umbonal 
slope  slightly  angular.  Surface  marked  by  faint  distant  concentric 
lamellose  lines. 

"The  specimen  described  is  essentially  a  cast  preserving  a  portion 
of  the  shell  on  one  side.  This  species  is  more  elongate  and  cylin- 
drical, less  arcimte,  and  more  equivalve  than  C.  infiaia.  The  lamel- 
lose striae  have  never  been  so  strong  and  are  more  disbint." 

I  have  not  seen  this  species. 

Forvialion  and  locality. 

Sellersburg  beds;  Clark  County. 


CONOCAKDrUM. 


A. 
AA 


Umbonal  slope  angular,  shell  not  difttinctly  constricted  in  front,  radiating 
plications  on  ventrirose  portion  of  bhelt  nuuierous.  C  cuntut, 

Umbonal  slope  rounded,  shell  disiinctly  constricted  in  froni,  about  six 
radiating  plications  on  the  ventrico«e  portion  of  the  valve.     C.  ohirenfe. 


Conoeardium  ohioense  Meek. 
PI.  XV.  flg.  7. 

C.  ohioense  Hall,  Pal.  \.  Y.,  Vol.  V,  Pt.  I,  188r>,  p.  -Ill;  PI.  68, 
figs.  2y  3. 

Hall's  (h'srriptian.-  '\Slu-ll  .small,  i)vatt*,  sublrigoiial,  vtMitricose  be- 
hind the  middle  of  its  length;  length  one-tliird  greater  than  the 
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height.  Posterior  end  prommcnt,  produced  in  the  middle  and  sloping 
abruptly  to  the  post-cardinal  angle.  Anterior  end  abruptly  contracted 
in  front  of  the  middle  and  prolonged,  nasute,  with  the  extremity  nar- 
rowly rounded.  The  body  of  the  shell  is  marked  by  about  six  strong 
radiating  plications  on  the  ventricose  portion  of  the  valve,  and  on 
each  side  more  numerous  and  smaller  plications.  The  interspaces 
hetwetm  the  ribs  are  marked  by  lamellose  concentric  striae.  A  speci- 
iiKMi  of  this  species  has  a  length  of  15mm  and  a  height  of  10mm. 
'J'his  species  differs  from  C  cnneus  in  being  more  narrowly  ventricose, 
and  the  body  of  the  shell  marked  by  fewer  plications,  with  a  distinct 
constriction  in  front;  the  umbonal  slope  is  more  rounded  and  less 
obli(pio,  while  the  posterior  extremity  is  more  produced  than  in  the 
usual  forms  of  C.  cnneus  and  C  trigonah" 

Miller  described  a  new  species  in  the  17th  Indiana  Geological  Re- 
port, p.  91,  under  the  name  of  ('.  exigum.  T\\q  descriptions  and 
figures  together  with  a  study  of  material  from  Bunker  Hill  indicate 
that  the  specimens  described  belong  to  Conocardium  dhioense, 

Conocardium  cimeiis  Hall. 

Pl.XV.Figi.4,5. 

C.  cuneus  Hall,  Pal.  N.  Y.,  Vol.  V,  Pt.  J,  18S5,  p.  109,  PI.  67,  figs. 
l-:r>;  PI.  (>8,  iigs.  1,  4-16;  PI.  94,  figs.  11-15^. 

/fairs  description. — "Shell  large  angularly  subovate,  or  trigonal  in 
outline;  length  less  than  twice  the  height;  basal  margin  greatly  curv- 
ing from  the  |)ost-inferior  extremity  to  the  anterior  end.  Posterior 
extremity  abruptly  truncate,  produced  into  a  tubular  extension  along 
the  cardinal  line,  ('ardinal  line  straight,  margins  inflected  towards 
the  anterior  end.  Anterior  end  more  or  less  attenuate,  with  the 
margins  gaping  before  reaching  the  extremity.  Valves  gibbous. 
Beaks  subcentral  prominent  and  closely  incurved  over  the  hinge  line. 
Umbonal  slope  .angular,  usually  strongly  defined,  extending  to  the 
post-inferior  extremity.  Post-cardinal  slope  flat  or  concave.  Test 
thick,  composed  of  two  distinct  lavers.  »Siirface  marked  bv  numerous 
radiating  plications  and  intermediate  arching  lamellose  concentric 
striae  on  the  ])ody  of  the  shell.  The  posterior  slope  is  ornamented 
by  curving  radii  ext^»nding  from  the  beak  to  the  posterior  margin, 
with  the  interspaces  marked  by  transverse  lamellose  striae.  From 
the  entire  periphery  of  the  umbonal  ridge  there  extends  a  finely 
striated  expansion  of  the  shell,  which  increases  in  extent  from  the 
beaks  downward  and  in  old  shells  is  supported  anteriorly  by  a  thick- 
ening of  the  shell  along  the  basal  margins,  which  often  obliterates 
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the  radii.  At  the  junction  of  these  thickened  portions,  along  the 
base  of  the  valves,  the  shell  is  excavated,  leavin*^  a  tubular  opening 
extending  backward  from  the  post-inferior  extremity.  Valves  crenu- 
lated  along  their  margins.  Antt^rior  muscular  impression  elongate, 
deeply  impresse<l,  narrower  behind.  Four  specimens  measure  respec- 
tively (>0,  47,  4;}  and  21nim  in  length  and  30,  33,  2G  and  13nim  in 
height." 

Hall  recognizes  the  following  three  varieties  of  this  spin-ies: 

Var.  aiiemialum  Conrad.  In  this  varietv  the  surface  is  marked 
bv  numerous  uniform  fine  radii,  and  the  ])osterior  extremitv  is  not 
abruptly  truncated.    This  is  probably  the  young  of  C.  cuneus. 

Var.  irifjonale  Hall.  The  specimens  from  the  Corniferous  lime- 
stone were  originally  d(\**cribed  under  this  name  as  a  distinct  species. 

Vur.  nasututn  Hall.  This  varietv  is  characterized  bv  fewer  radii 
than  the  characteristic  forms  of  ('.  cuneiifi;  it  is  short  and  triangular 
in  form,  broad  and  abruj)tly  truncated  behind,  abruptly  truncated  in 
front  with  the  anterior  end  nasute. 

The  interior  of  this  shell  is  marked  by  strong  Hat  or  rounded 
ribs  which  are  continued  slightly  beyond  the  edge  of  the  shell,  giving 
the  crenulated  margin. 

Miller  has  described  a  Conocardium  from. Bunker  Hill  under  the 
nanu'  of  (\  parviihun.  li  apj)ears  from  the  description  and  figure  to 
be  a  variety  of  ('.  nine  us.  The  umbonal  slope  in  this  varietv  is 
nearly  at  right  angles  to  the  cardinal  line  instead  of  making  an 
oblique  angle  to  it  as  in  ty})ical  specimens  of  (\  nitieus. 

Fnnnuiuni   and  hwalHy. 

.J(»ffers()nvilj('  limestone:  Kalis  of  the  Ohio,  Hanover,  Hartholomew 
Count v  and  lUinker  Hill. 

CLINOPISTHA. 

A.     Shell  with  radiating  htriae  running  from  the  dorsal  (o  the  basal  margin. 

C  striatal, 

AA.     Shell  without  radiating  striae  running  from  the  doiPal  to  the  bapal  margin. 

h.     Tjenglh  nhout  twice  the  height ;  no  radiating  striae.       V.  svbnosuta^ 

bb.     Length   less  than   twice  the  height,  wiih  ob>cure  radiating  striae 

toward  the  ba  a  I  margin.  C.  antitfua, 

Clinopif^tha  mbnaauia  Hall  and   Whitfield. 

('.  subnasuta  Hall,  Pal.  N.  Y.,  Vol.  Y,  Pt.  I,  1885,  p.  :y\2.  VI  51, 
figs.  :V>.  X]:  V\.  i)5,  fi^r.  31. 

llalVs  r/r.s7'/-//y//f///.— -'*Slu'll  small,  narrowly  subelliptical,  nearly 
straight  on  the  basal  side;  length  a])out  twice  the  height.  Basal 
margin  nearly  straight,  curving  abruptly  to  the  anterior  and  more 
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gently  to  the  posterior  end.  IN)slerior  extremity  rounded.  Cardinal 
line  ^rently  arcuate.  Anterior  end  short,  suhnasute,  deelinin^  from 
the  beaks  and  narrowly  rounded  heh)w.  Tlie  phiee  of  the  hnnde  is 
o(vui)ied  hv  a  fohl  or  ealh)sitv  wliieh  is  distinetlv  limited  hv  the 
margins  of  the  valves.  Valves  moderately  convex  helow  an<l  }>os- 
teriorly  gihljous  in  the  und)onal  region,  lieaks  at  about  the  anterior 
third,  small,  clostdy  appressed.  Fmbonal  slope  convex,  not  defined. 
Test  thin.  Surface  marked  by  somewhat  regular  fine  thread-like 
striae  of  growth,  which,  in  the  perf(*ct  condition  of  the  shell,  may 
have  been  lainellose,  and  are  fasciculate  on  some  individuals.  Thv 
hinge  shows  sojne  a])))earance  of  having  been  crenuhlted,  but  the 
condition  of  the  specimens  is  such  as  not  to  admit  of  i)ositive  deter- 
mination, ^luscular  impressions  distinct.  Pallial  line  entire,  marked 
in  the  cast  by  a  series  of  radiating  pustuh^s.  Three  specimens  measure 
res])ectively  '^1,  2iy  and  "^Imm  \h  length  and  \2,  13  and  13mm  in 
height." 

This  is  not  a  common  species. 

Formnium  nud  locnlihf. 

Sellersburg  beds  and  JelTersonville  limestone;  Watson,  Lancaster 
and  Pipe  Creek  Falls. 

Clinopistha  antiqua  Meek. 
PI.  XVI.  fiir.  3. 

('.  anti(|ua  Meek,  l^il.  of  Ohio,  Vol.  1,  p.  'iOS,  IM.  18,  (ig.  r>a,  b. 

Mrek''s  (If'srripfinn. — "Shell  very  thin,  transversely  suboval  gibbous, 
with  Hanks  along  the  middle  near  the  lower  margin  somewhat  flat- 
tened or  slightly  concave:  more  than  half  as  high  as  long;  anterior 
or  longer  side  regularly  rounded  in  outline;  |)osterior  sloping  above 
from  the  beaks  to  the  narrowly  round(Ml  extremity,  which  is  most 
prominent  below  the  middle;  basal  margin  straightened  or  broadly 
sinuous  along  the  central  region  and  rather  abru])tly  rounded  up  at 
the  extremities;  beaks  tlepressed  nearly  or  (pn'te  to  the  dorsal  outline, 
and  j)laciMl  about  half  way  between  the  middh'  and  the  i)osterior 
extremity;  dorsal  outline  n(»arly  horizontal  and  parallel  to  the  base 
in  front  of  the  beaks,  but  rounding  regularly  into  the  anterior  mar- 
gin. Surface  merely  showing  nwxleratcly  distinct  lines  of  growth, 
with  sonu*  obscure  traces  of  radiating  striae,  where  a  litth*  worn 
near  the  base:  these  last  mcntioiUMl  markings  being  more  distinct 
on  the  internal  cast.  lA'ngth  0/^2  inch:  height  <).')!  inch;  convexity 
<).;31)  inch.'' 

44-G6ul. 
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1  have  seen  but  one  specimen  of  this  species,  which  differs  from 
Meek's  description  only  in  being  less  gibbous. 

Formation  and  locality, 

Selltirsburg  beds;  Clark  County. 

Clinopiistha  striatu  Nettleroth. 

(.!.  striata  Nott.,  Ky.  Foss.  Shells,  1889,  p.  200,  J^l.  4,  figs.  1-2. 

Nettleroth*s  original  tiesrriptinn. — 'SShell  of  medium  size,  trans- 
versely siibolliptical;  length  not  quite  twice  th<^  width  or  height,  and 
thickness  about  one-half  the  hei^jht;  beaks  small  and  closely  ap- 
pressed  in  the  level  of  the  dorsal  margin  and  situated  about  two- 
thirds  of  the  whole  length  from  the  anterior  extremity;  basal  margin 
slightly  convex  in  the  central  half  but  (curving  regularly  but  rapidly 
into  the  terminal  margins.  Dorsal,  margin  straight  and  almost  par- 
allel with  the  central  portion  of  the  basal  one;  at  its  anterior  end  it 
curves  down  into  the  anterior  margin,  which  appears  to  be  regularly 
rounded;  posterior  end  slopes  down  from  the  beaks  to  a  somewhat 
pointed  posterior  extremity,  which  is  most  prominent  a  little  below 
the  middle  height  of  the  shell.  Roth  valves  are  moderately  convex. 
The  surface  is  marked  by  very  peculiar  radii,  which  apparently  run 
from  the  basal  margin  to  the  dorsal  one,  across  the  valves,  but  which 
make  near  the  dorsal  line  a  rapid  deflection  into  the  direction  of  the 
beaks.  These  radii  arc  low  and  flat  and  have  a  faint  but  plainly 
ohservabh'  dc]iress<»d  line  in  their  middle,  a  f(»ature  which  T  have 
never  noticed  in  any  other  shell.  Th(»ir  interspaces  are  large,  from 
three  to  four  times  their  own  width:  in  some  of  these  interspaces 
there  is  a  smaller  intermediate  line.  This  species  has  tlie  general 
features  of  (^linopisfha  sulmasvta  and  antiqva  except  its  peculiar 
surface  markings  and  its  greater  size." 

T  have  not  seen  this  species. 

Formation  and  locality. 

Sellersburg  IxmIs;  Clark  County. 

Solemya  (Janeia)  vetnsta  Meek. 

n.  XVI,  fiRi.  1,  la.  lb,  2. 

S.  (Janeia)  vetusta  Hall,  Pal.  N.  Y.,  Vol.  V,  Pt.  I,  1885,  p.  46, 
PI.  47,  tigs.  5.3-55;  PL  94,  fig.  10. 

FlalVs  drscription. — "Shell  of  medium  size,  elongate  elliptical; 
length  more  than  twice  the  height;  basal  margin  very  gently  curved. 
Posterior  extremity  very  gently  rounded.  Cardinal  line  nearly  straight 
or  gently  arcuate.    Anterior  end  large,  narrower  than  the  posterior. 
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rather  abruptly  rounded  at  the  extremity,  carrying  on  its  upper 
margin  a  distinct  fold.  Valves  moderately  convex  below,  scarcely 
gibbous  in  the  upper  portion.  Beaks  inconspicuous,  situated  anterior 
to  the  middle.  Surface  marked  by  regular  distant  lamellose,  undulat- 
ing concentric  striae,  which  are  crossed  by  distant  radiating  lines, 
between  which  the  concentric  striae  curve  downward." 

Exfoliated  shells  show  their  interior  to  be  marked  by  radiating 
striae  which  are  most  distinct  towards  the  posterior  end.  The  faint 
radiating  lines  which  cross  the  concentric  striae  where  the  undula- 
tions bend  upwards  are  sometimes  indistinctly  developed  or  wanting. 
They  are  usually  confined  to  the  middle  portion  of  the  shell  where 
the  undulations  are  most  pronounced.    This  species  is  rare. 

Formation  and  locality. 

Sellersburg  beds;  Watson  and  Falls  of  the  Ohio. 

GASTROPODA. 
BELLEROPHON. 

A.     Dorsum  sharply  carinate.  B,  curvilineatv$, 

A  A.     Dofbiim  not  sharply  carinate. 

b.     Shell  with  strong  revolving  striae. 

c.    Transverse  striae  distinct,  strongly  ventricose,  width  greatlj 

exceeding  the  length.  B,  leda, 

cc.     Transyerse  striae  obsolete  or  indistinct,  not  strongly  Tentri- 

cose,  width  not  greatly  exceeding  the  length.       B.  lyra, 

bb.     Shell  without  revolving  striae. 

d.  Outer  volution  greatly  expanded  at  the  aperture, 
prominent  part  marked  by  strong  costae  with 
fine  striae  between.  B,  patulmt, 

dd.  Outer  volution  not  greatly  expanded  at  the  aper- 
ture; surface  marked  by  subregular  transverse 
striae.  B,  pelopt, 

Belleraphon  leda  Hall. 

PI.  XXI,  figs.  4,  5. 

B.  k'da  Hall,  Pal.  N.  Y.,  Vol.  V,  Pt.  II,  p.  110,  PI.  23,  figs.  2-16. 

llalVs  description. — **Shell  subglobose,  often  a  little  flattened  upon 
the  dorsum;  body  whorl  ventricose,  very  rapidly  expanding.  Aperture 
abruptly  spreading,  broadly  sinuate  in  front  and  sometimes  with  a 
deeper  notch  in  the  middle,  the  margin  gently  recurved,  joining  the 
volution  a  little  on  the  ventral  side,  where  it  is  thickened,  somewhat 
abruptly  curving  over  and  partially  enclosing  the  small  umbilicus, 
and  extends  in  a  callus  over  the  eolumellar  lip,  which  is  sometimes 
distinctly  striato-pustulose. 


i 
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^'Surface  marked  by  strong  longitudinal  or  revolving  striae,  which 
alternate  in  size,  are  sometimes  fasciculate,  and  often  finer  and  more 
numerous  on  each  side  of  the  dorsal  band  than  on  the  lateral  por- 
tions of  the  shell.  The  revolving  striae  are  cancellated  by  finer,  sub- 
equal,  thread-like  transverse  striae.  The  dorsal  band  is  narrow, 
rarely  elevatecl  or  sometimes  scarcely  raised  above  the  surface,  and 
usually  fiat  or  slightly  conclave,  the  concentric  striae  making  an  ab- 
rupt retral  curve  upon  it  in  crossing.  The  band  is  likewise  usually 
marked  by  one,  iwo,  three  or  more  revolving  striae  finer  than  tliose 
on  the  sides  of  the  shell,  and  sometimes  quite  obscure."  This  shell 
is  usuallv  found  in  an  exfoliated  condition.  It  is  rather  common 
in  the  chert  of  the  r|)|)er  Devonian  at  some  localities. 

Format  ion  and  I  oral  it  if. 

Sellersburg  ])eds  and  tJefTersonvilh*  limestone;  Falls  of  the  Ohio 
and  Newbern.  i         « 

Bellerophon  pelops  Hall. 

PI.  XXI,  ilg.  7. 

B.  pelops  Hall,  Pal.  X.  Y.,  1879,  Vol.  V,  Pt.  Tl,  p.  95,  PL  22, 
figs.  7-13. 

Only  a  few  im})erfect  specimens  of  this  species  have  been  seen. 
11iey  show  the  sh^ider  dorsal  band  and  subregular  transverse  striae 
which  characterize  this  species.  Hall  regards  this  species  as  identical 
with  Meek*s  /?.  jtropififjinis. 

ForinatioN   and  hK-aliff/. 

JclTersonville  limestone:  Pi])e  Creek  Falls,  Cliarlestown,  ami  New- 
bern. 

Belleraphmi  paUdu8  Hall. 
PI.  XXI,  fig.  7. 

r,.  patuhis  Hall,  Pal.  X.  Y.,  is:i).  Vol.  V,  V\,  II,  p.  100,  PL  22, 
figs.  \:-'M)\  PI.  24,  figs.  ;]-(i. 

Tliis  s])ecies  lias  been  observed  only  in  tlie  form  of  the  interior 
(•asts.  The  great  expansion  of  tlu*  outer  volution  of  this  species  is 
its  eliicf  (listingiiishing  eharact«*ristic.  hi  a  specimen  in  Mr.  Taylor's 
('(►llcciioii  the  outer  lij)  has  a  transverse  width  of  one  and  four-tenths 
inches  and  a  longitudinal  \vi<ltli  of  one  inch.  The  height  of  the  shell 
measured  from  the  plane  of  the  margin  of  the  outer  lij)  is  iive-tenths 
of  an  inch.  According  to  Hall,  "The  surface  on  the  exj)and(^d  ])art 
()['  the  out<'r  volution  is  nuirked  by  fine  close  concentric  striae,  which 
are  sometimes  cr<»w<led  in  fascicles,  giving  an  undulating  surface;  the 

])osterior  prominent  part  of  the  volution  is  marketl  on  the  ])ack,  and 
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partially  on  the  sides,  by  strong  even  arehing  eostae,  which  are  more 
al)rui)tly  and  sometimes  siibangiilarly  curved  on  the  dorsal  line. 
These  eostae  sometimes  continue  for  half  the  length  of  the  volution 
anteriorly,  gradually  becoming  ol)solete  on  the  middle  and  sides,  and 
are  never  seen  u})on  the  broad  expansion  of  tlie  shell.  The  spaces 
between  these  eostae  are  marked  by  line  close  concentric  striae,  and 
in  well  preserved  specimens,  extremely  fine  revolving  striae  are  some- 
times visible.  The  eostae  become  finer  or  obsolete  as  they  approach 
the  umbilicus,  and  the  surface  is  marked  only  by  the  fin(»  striae  of 
growth.'' 

Form  at  {(HI  and  local  if  y. 

Jclfcrsonville  limestone:  Hanover,  (1iarl(»stown  and  Shelbv  County 
and  Falls  of  the  Ohio. 

Bellerophon  lyra  Hall. 

W.  lyra  Hall,  l»al.  X.  Y.,  \S:\),  Vol.  Y,  Vt,  II,  PI.  2:\,  ligs.  1,  17-20. 
This  species  has  not  been  seen  l>y  the  writer.     JIall  re|>orts  liaviug 
seen  only  one  specimen,  which  he  figured  (fig.  1,  IM.  2'5). 

Formal  ion  and  locality. 

^Mlamilton;  Falls  of  the  Ohio.'' 

Bellerophon  curuilineatiui  Con. 
Pl.XXI,  figB.  1,  la. 

H.  curvilineatus  Hall,  Pal.  X.  Y.,  \h:\),  Vol.  V,  Pi,  II,  i)p.  J)4-95, 
PI.  22,  iigs.  !-(;. 

IlalVa  desrriptiffn. — "Shell  discoidal.  \'olutions  four  or  five  com- 
pressed and  shar])ly  carinated  on  the  bax-k.  each  one  end)racing  about 
half  the  width  of  the  preceding  one,  the  last  scarcely  more  veniri- 
cose  than  the  preceding,  and  bending  almost  rectangularly  at  the 
umbilical  ('(\<x<'.  A])(a*ture  triangular,  acute  at  the  anterior  margin, 
which  is  deeply  sinuate;  the  curvature  of  the  |KTistome  from  the  um- 
bilical side  receding  abcnit  one-(juarter  of  a  volution  to  the  dorsal  line. 
The  inner  margins  of  all  the  volutions  are  exposed  in  the  cavity  of 
the  und)ilicus. 

'"Surface  marked  by  fine  striae  of  growth,  which  follow  the  curva- 
ture of  the  peristome,  making  a  retral  curve  of  about  a  (piarter  of  a 
volution;  often  slightly  fasciculate,  l)Ut  sometimes  the  striae  are  in 
regular  fnscicles  of  about  six  or  seven  IIium*  ones,  with  a  fine  sharply 
elevate(l  finer  one  supporting  them.  The  dorsum  is  sharply  cari- 
nate.'' 


\ 
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I  have  seen  but  two  or  three  specimens  of  this  species.  The  small- 
est has  a  diameter  of  2/10  of  an  inch.  They  are  covered  by  fine  striae 
which  vary  somewhat  in  strength.  In  crossing  the  dorsal  carina  the 
striae  become  extremely  fine. 

Formation  and  locality. 
JeflFersonville  limestone;  Newbern  and  Hope,  Bartholomew  County. 

BeUerojJuyti  «p. 
PI.  XXI,  fig.  3. 

Tlie  specimen  here  figured  is  from  Mr.  Green's  collection.  I  have 
not  been  able  to  identify  it  with  any  of  the  species  described. 

The  anterior  part  of  the  outer  volution,  which  is  not  shown  in 
the  figure,  has  a  rugose  appearance,  due  to  coarse  transverse,  some- 
what wavy  or  interrupted  striae.  These  are  separated  by  rather  wide 
interspaces,  and  arch  backward  from  the  umbilicus  to  the  dorsal  band 
which  is  imbricated  by  them. 

Formation  and  locality. 

Sellersburg  beds;  Charlestown. 

PLATY08T0MA. 

A.     Form  distinctly  subtarbinate  or  cone-shaped. 

b.     Spire  elevated.  P.  turhinata, 

bb.     Spire  depressed.  P.  turbinata  var.  eochUata, 

A  A.     Form  not  distinctly  turbinate  or  cone-shaped. 

c.     Spire  depressed,  nearly  Hat  on  top.        P.  lineata  var.  eallow, 
cc.     Spire  moderately  elevated. 

d.     Volutions  enlarging  rapidly  to  the  outer  volution 

which  is  very  ventricose.  P.  lineata. 

dd.     Volutions  enlarging  gradually  to  the  outer  volution 

which  is  not  very  ventricose.  P.  pUurotoma. 

PUUyostoma  pleurotoma  Hall. 

PI.  XX,  fig.  6. 

P.  pleurotoma  Hall,  Pal.  N.  Y.,  Vol.  V,  Pt.  II,  1879,  p.  30,  PI.  9, 
figs.  31-35. 

Hall's  description. — "Shell  rotund,  subturbinate.  Spire  depressed; 
volutions  rounded,  gradually  enlarging,  and  the  last  one  much  ex- 
panded. Aperture  broadly  oval,  and  extended  below;  peristome  more 
or  less  sinuous,  and  on  the  columellar  side,  extended  below  in  a  thick- 
ened and  slightly  contorted  callosity. 

'^Surface  finely  striated  with  concentric  and  revolving  striae,  the 
latter  conspicuous  and  the  former  scarcely  perceptible.    In  one  speci- 
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men  a  distinct  narrow  band  marks  the  suture  line;  and  in  another, 
a  narrow  carina  marks  the  periphery,  giving  the  aspect  of  Pleuroto- 
maria.** 

One  specimen  in  the  collection  of  Mr.  G.  K.  Green  is  referred  to 
this  species.  The  striae  on  the  lower  two-thirds  of  the  body  whorl 
arch  sharply  from  the  umbilicus  to  a  line  extending  nearly  around 
the  body  whorl,  which  is  very  slightly  elevated  only  near  the  aperture; 
above  this  line  the  striae  bend  gently  backward  and  then  forward  to 
the  suture.  The  revolving  striae  on  the  upper  volutions  are  very 
fine  and  close  and  have  a  slightly  wavy  appearance.  They  are  crossed 
bv  concentric  striae. 

Formation  and  locality. 

Sellcrsburg  beds;  Charlestown. 

Platyostoma  «p. 
PI.  XX,  fig.  8. 

Spire  consisting  of  about  two  loosely  coiled  volutions;  gradually 
enlarging  from  the  apex.  Body  whorl  disconnected  from  the  apical 
whorl  for  about  one-third  of  a  volution.  The  periphery  of  body  whorl 
rather  sharply  angular.    Aperture  subovate. 

Surface  marked  by  fine  transverse  striae  and  by  very  indistinct 
rrvolving  striae. 

This  specimen  differs  from  any  species  known  to  me  in  its  disunited 
and  angular  body  whorl.  T  am  inclined  to  regard  it,  however,  as  an 
abnormal  s])ecimen  and  have  not  for  that  reason  proposed  a  specific 
name  for  it. 

Formation  and  locality, 

Sellcrsburg  beds;  Charlestown. 

Platyodoma  lineata  Conrad. 

PI.  XX,  figs.  1,2,2a,  3, 7. 

P.  lineata  Hall,  Pal.  N.  Y.,  Vol.  V,  Pt.  II,  p.  21,  PL  10,  figs.  1-21. 

fla11\s  description. — **Shell  subovate,  approaching  to  subglobose. 
Spire  elevated  above  the  body  whorl,  though  varying  in  degree;  in 
some  extreme  varieties,  on  the  same  plane  or  below  the  outer  volu- 
tion. 

"The  shell  with  four  or  ^ye  volutions  when  entire,  but  seldom  pre- 
serving more  than  three,  the  apex  being  usually  imperfect.  The  out^r 
volution  usually  very  ventricose  and  regularly  convex,  a  little  de- 
pressed below  the  suture  line  (but  not  caniculate).    Aperture  sub- 
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orbicular  in  pcrtVct  siKM-iiiUMis,  sonu'iinios  suhrlioinhoidal;  outer  lip 
thin,  witli  a  sluirp  en  tiro  niar^riiK  coluniollar  lip  thickoiUHl,  folded, 
and  reilexed  over  the  unlbilieu^^,  wiiich  in  adult  specimens  is  entirely 
closed. 

^'Surface  marked  hv  line,  e(juidistant  thread-like  revolvinir  striae, 
which  are  cancellated  hy  fine  concentric  striae  of  a})0ut  the  same 
strength,  hut  une<|ually  distant;  tin*  latter  sometimes  beml  abruptly 
backwards  ui)on  the  back  of  the  shell,  indicating  a  sinus  in  th(»  lip  at 
some  ])eriod  of  growth,  and  are  fre(|uently  crowded  in  fascicles,  giving 
a  rugose  character  to  the  surface.'' 

Mr.  (i.  K.  (ireeirs  collection  contains  sev(»ral  specimens  of  this 
species.  Thev  show  considerable  variation  in  the  height  of  the  spire, 
and  in  the  character  of  the  striae  on  th(»  body  whorl.  In  one  speci- 
men the  transverse  striae  bend  abruptly  backward,  producing  a 
sharply  defined  ridge  which  extends  half-way  around  the  periphery 
of  the  body  whorl,  in  others  the  striae  arch  sharply  bjR'kward  near 
the  suture  without  producing  a  hand  or  ridge. 

Formation  and  locality. 

Sellersburg  beds;  Charles  town. 

Plalyostoma  linecUum  var.  caUosum  Hall. 

Pl.XX,figB.4,4a. 

V.  lincatum  var.  callosum  llalL  Pal.  T<.  V.,  1S:J),  Vol.  V,  Pt.  TI, 
p.  '.^•;.  IM.  10.  figs.  22,23. 

This  variety  is  l)ased  upon  the  depressed  spin*,  slightly  sinuat<? 
upper  margin  of  the  peristome  and  the  ihickencd  callus  of  the  inner 
lij)  which  characterize  some  specimens.  It  appears  to  l)e  less  common 
than  the  preceding  type. 

Formntion  anil  loraliti/. 

Sellerslnirg  beds;  diarlestown. 

Platyostoma  turbinata  Hall. 

V.  turbinaia  Hall,  Pal.  N.  Y.,  ISTl),  Vol.  V,  Pt.  11,  p.  2?,  PI.  0, 
tigs.  12-21. 

llnlVH  (If'srriplion. — '\^]iell  subturbinate.  sometimes  ap])roaehing  a 
subgl()l)ose  form.  Spire  de])resscd.  or  more  or  less  elevated  above  the 
outer  vohilion,  sometimes  nearly  on  the  same  plane;  volutions  three 
or  four,  rapi<IIy  expanding,  the  last  extrenndy  ventricose,  w*ith  the 
lower  part  projected  in  the  direction  of  the  columella,  which  is  much 
extended.  Aperture  subovate,  broader  above,  narrowing  and  often 
extended  below.  ' 


^1 
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'Surface  marked  by  fine  pul)eqiial  concentric  striae,  crossed  by 
finer  revolvintr  striae;  the  former  variously  undulated  upon  the  sur- 
face, indicating  sinuosities  in  the  aperture  at  different  stages  of 
growth.  In  older  shells  the  striae  become  lamellose  and  often 
crowded  in  fascicles." 

This  species  is  included  on  the  authority  of  Nettleroth. 

Formation  and  locality, 

'*('orniferous  limestone;''  Falls  of  the  Ohio. 

.  Plaiyostoma  turbinata  var.  cochleaia, 

P.  turbinata  var.  cochleata  Hall,  Pal.  N.  Y.,  1879,  Vol.  V,  Pt.  IT, 
p.  28,  PI.  9,  iigs.  1-11. 

IlalTs  description. — '\Sliell  turbinate.  Spire  elevated  conical,  volu- 
tions about  four  or  five;  periphery  of  the  last  volution  ol)tusely 
rounded  or  distinctly  subangular,  with  a  sinus  in  the  margin  of  the 
aperture:  the  last  volution  sometimes  becoming  free  near  the  aper- 
ture, as  showu  in  iigs.  5,  (]  and  7.  Aperture  obliquely  subovate  or 
ovate:  i)erislome  sinuous,  often  with  a  deep  notch  in  the  upper 
miirgin,  and  sometimes  continued  in  a  c<)lumellar  ext^msioji  below. 

''The  specimens  referred  to  tliis  variety  all  agree  in  having  an  ele- 
vated spire,  with  rounded  volutions  above  the  last  one,  which  is 
almost  invariably  subangular."' 

This  varirlv  is  recorded  bv  Nettleroth.  It  has  not  ])een  se(»n  bv 
the  writer. 

Fnrnidtittn  ond  local  it  if. 

'Mn  the  rotten  hornstone"  (.letl'ersonville  limestone?):  Tyouisville, 
Kv. 

StrophoHylu^  variam  Hall. 

PI.  XX,  fifs.S,  5a. 

S.  varians  Hall,  Pal.  N.  Y.,  lS7i),  Vol.  V,  Pt.  II,  W<r^.  UJ-'M. 

lldlTs  dcsrriptitni. — *'Shell  ol)li(jUely  subeonical,  or  de|)ressed  sub- 
i>lohos(\  S])ire  nioderatelv  elevatcMl:  volutions  about  three  or  four 
syniinetrieally  rounded  above,  and  somewhat  gra<1ually  eidarging  to 
the  last  one,  which  is  ventricose  extending  downward  and  forward. 
Aperture  oval  or  suborbieular:  peristome  entire:  the  colunu'llar  lip 
usually  expanded  and  spreading  over  the  uiubilicus,  sometinu*s  free 
and  leaving  the  und)ilicus  exposed.  Surface  linely  striate,  with  the 
peculiar  thread-like  striae  visi])le  on  well  jjreserved  surfaces,  while 
on  the  weathered  portions  they  become  lamellose;  and  on  sonie  sjx'ci- 
mens  the  surface  is  marked  by  peculiar  waved  and  interrupted 
striae." 
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I  have  seen  but  two  specimens  of  this  shell,  both  in  Mr.  Green's 
(fol lection.  The  smaller  of  these  two  is  about  one-third  the  size  of 
the  specimen  figured.  Over  a  part  of  the  body  whorl  the  striae  arc 
arched  sharply  backward,  indicating  a  notch  in  the  lip  at  one  stage 
of  growth.  The  columellar  lip  is  attached  to  the  umbilicus.  In  the 
specimen  figured  the  umbilicus  is  exposed. 

Formation  and  locality, 

"Corniferous,*'  (Nettleroth)  and  Sellersburg  beds;  Charlestown 
and  Falls  of  the  Ohio. 

CALLOMEMA. 

A.     Spire  elevated. 

b.     Periphery  of  whorls  flat.  (7.  eonuj. 

bb.     Periphery  of  whorls  concave. 

c.    Shell  large,  usually  more  than  an  inch  in  height.       C.  liekoM. 
cc.     Shell  small,  usually  less  than  an  inch  in  height. 

C,  bellatulum, 
AA.     Spire  depressed  or  moderately  elevated. 

d.     Surface  marked  by  strong  elevated  striae.    C.  imitator. 
dd.     Surface  marked  by  very  fine  transverse  striae. 

C.  darki, 

CcUloneina  bdlatula  Hall. 

C.  bellatula  Hall,  Pal.  N.  Y.,  Vol.  V,  Pt.  II,  1879,  p.  51,  PL  14, 
ligs.  10-15. 

HaWs  de^scriplion. — ''Shell  subovoid  conical;  spire  elevated  and 
rapidly  expanding  below.  Volutions  about  six  or  seven,  the  upper 
ones  minute  and  somewhat  gradually  expanding  to  the  third  or 
fourth  and  more  rapidly  below,  tlie  last  one  being  very  ventricose, 
regularly  rounded  or  obtusely  subangular  towards  the  base.  Aperture 
apparently  transverse,  its  extension  below  not  fully  known;  columel- 
lar lip  thickened,  spreading  above  and  extended  anteriorly.  Surface 
marked  by  regular  elevated  striae  with  about  equal  interspaces,  which 
art'  slightly  turned  backwards  from  the  suture  and  gently  curved  to 
the  base  of  the  volution,  and  on  the  last  one  curving  over  the  per- 
iphery with  equal  strength,  a  portion  becoming  obsolete,  and  others 
coalescing  and  becoming  stronger  as  they  enter  the  umbilical  de- 
pression." 

The  above  description  is  based  upon  specimens  from  the  Falls  of 
the  Ohio  and  Columbus,  Ohio.     The  species  is  rare. 

F urinal um  and  locality. 
Jeffersonville  limestone;  Falls  of  the  Ohio  and  Hope. 
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CkdUmmna  conus  n.  sp. 

PI.  XXIII,  flgi.  1,1a. 

Shell  forming  a  nearly  perfect  cone,  spire  elevated.  Volutions  six 
or  seven,  perfectly  flat  between  the  sutures,  the  last  one  being  sharply 
angular  toward  the  base.  Aperture  subrhomboidal,  character  of  the 
lip  not  well  known,  umbilicus  exposed.  Surface  marked  by  fine  regu- 
lar striae  which  bend  backward  in  passing  from  upper  to  lower 
sutures.  Striae  on  the  body  whorl,  crossing  the  angular  base  and  con- 
tinuing with  equal  strength  to  the  umbilicus. 

Only  two  specimens  of  this  species  have  been  found.  The  flat 
peripheries  of  the  whorls  and  the  angular  base  of  the  body  whorl 
seem  to  characterize  this  as  a  type  distinct  from  C.  iellatuUi,  to  which 
it  is  most  closely  related. 

Formation  and  locality. 
Geneva  limestone;  Hope. 

CaUonema  lichaa  Hall. 

Pl.XX.flg.ll. 

C.  lichas  Hall,  Pal.  N.  Y.,  1879,  Vol.  V,  Pt.  II,  p.  52. 

IlaIVs  description, — "Shell  obliquely  conical  ovate;  spire  elevated. 
Volutions  about  four  or  more,  rounded  upon  the  exterior,  the  earlier 
ones  moderately  expanding  and  the  last  ones  becoming  very  ventri- 
cose.  Aperture  subovate  extended  below.  Surface  marked  by  fine 
even  striae  of  growth  which  on  the  last  volution  continue  over  the 
periphery  and  disappear  in  the  umbilicus." 

This  is  not  a  common  species. 

Formation  and  locality. 
Jefferson ville  limestone?;  Jefferson  County. 

CalUmema  imitator  (Hall  and  Whitf.). 

PI.  XXIII.  fig.  5. 

C.  imitator  Hall,  Pal.  N.  Y.,  Vol.  V,  Pt.  II,  1879,  p.  53,  PI.  14, 
figs.  16, 17. 

HalVs  description. — "Shell  depressed  hemispherical;  spire  moder- 
ately elevated,  consisting  of  five  or  more  rounded  volutions,  regularly 
increasing  from  the  apex  <o  the  aperture,  which  is  subcircular,  its 
lower  extension  unknown,  round  below  and  broadly  umhilicate; 
suture  slightly  depressed,  not  canaliculate  and  making  the  periphery 
of  the  preceding  volutions.     Surface  marked  by  strong  elevated 


700  KEPORT  OF  STATE  GEOLOGIST. 

simple  striae,  which  have  a  slight  bend  just  beh^w  the  suture  and 
eurv(»  gently  baekwanl  to  the  periphery,  gradually  inereasing  in 
strength  from  the  apex  to  the  outer  volution,  on  the  middle  of  which 
there  an*  about  twenty  in  th(»  spaei*  of  an  ineh.  In  one  speeinien,  on 
the  outvr  half  of  the  volution,  they  beeome  gradually  obsolete  or 
nn»rge  into  the  ordinary  striae  of  growth." 

Sj)ecimens  of  this  shell  which  an^  well  [^reserved  are  rare;  interior 
easts  which  ])robably  belong  to  this  species  are  rather  common  at 
some  localities. 

Formal  ion  and  local  if  t/. 

»reiriTsonville  limestone;  Falls  of  the  Ohio  and  Jiunker  Hill. 

Callonema  darki  Nettleroth. 

('.  clarki  Nctt.,  Ky.  Koss.  Shells,  1889,  ]).  HT),  1^1.  24,  figs.  2,  4,  5. 

Xr/flrro/irs  orif/inal  (lesrripfion. — "Shell  above  medium  size;  sub- 
hemis])herical;  s])ire  moderately  elevated,  more  or  less  so  in  different 
shells,  as  shown  by  the  two  specimens  illustrated,  consisting  of  from 
thre<'  to  five  volutions.  The  volutions  are  regularly  increasing  from 
a]>ex  to  aperture,  which  is  subcircular  or  subquadrate;  they  are  de- 
pressed convex  on  their  upper  side.  Tlu^  columella  is  much  extended 
below.  Suture  small  and  shallow,  between  the  upper  volutions 
scarcely  noticeable.  The  surface  appears  to  the  naked  eye  entirely 
smooth,  but  undrr  a  mHt::nifier  shows  tine  transverse  striae,  closely 


set  hctwi'cn  some  strongcM'  nuirked  lines  of  growth.  These  striae  and 
lines  of  growtli  extend  from  the  suture  down  and  backwards  to  the 
umbilical  dcj)r('ssi()n.  The  hist  volution  or  tli(»  body  whorl,  as  it  is 
also  called,  <iirvt's  very  al)rnptly  at  its  middle,  an<l  slopes  from  there 
in  a  straight  or  slightly  (Mir\t'<l  line  to  the  inner  lip  of  the  aperture, 
makin;r  the  lower  half  of  tin'  last  volution  either  flat  or  onlv  very 
little  convex.  The  apex  apjjcars  to  be  very  minute  in  perfect  speci- 
mens." 

Famuli  ion   and  InniJilj/. 

The  types  of  this  species  were  ftnind  in  the  Hevonian  chert  east  of 
Louisville.     It  has  not  been  recognized  in  Indiana. 

homena  hnmilm  Meek  ?. 

\aticojK-ir-?  (Isonema)  luunilis  Meek,  Pal.  Ohio,  Vol.  1,  18*3,  j). 
21-1,  PL  1!),  figs,  la,  b,  c. 

Two  or  three  inij)crfect  sjx'cimens  arc»  referred  with  some  doubt 
to  this  species. 
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Height  of  spire  equals  about  two-thirds  the  width  of  shell.  Volu- 
tions four,  increasing  rather  rapidly  in  size.  Surface  marked  by 
distinct  lines  of  growth  which  are  slightly  arched.  These  an*  occa- 
sionally interrupted  by  strong  wrinkles  of  growth.  Aperture  not  pre- 
served.    Width  of  shell  one  and  one-tenth  inches. 

Formation  and  localilf/, 
Sellersburg  beds;  Charlestown  and  Lexiugton. 

Bucania  devonica  Hall  and  Whitf. 

H.  devonica  Hall  &  Whitf.,  2lth  Kcp.  N.  Y.  St^ite  Mus.  Nat.  Hist., 
1870,  p.  191. 

Hall  and  Whitfield's  original  doscription. — ^'Shell  discoid,  widely 
and  equally  unibilicate  on  the  two  sides;  remaining  volutions  about 
four  slightly  embracing,  vertically  comi)rcssed,  giving  the  transverse 
diameter  a  litth*  more  than  twice  the  vertical  diameter,  lateral  nuir- 
gins  of  the  volutions  obtusely  angular  toward  the  dorsal  side.  The 
surface  has  apparently  been  marked  by  scv(»ral  (three  or  four)  revolv- 
ing ridges  or  carinae  on  each  side  of  the  center  or  dorsum,  which  is 
gently  concave;  finer  surface  markings  and  aperture  unknown.'' 

This  is  not  a  common  si)ecies.  No  s|)ecimens  j^atisfactory  for  fig- 
uring have  been  fcmnd. 

Formation  and  locality. 

Kent,  Charlestown,  Kalis  of  the  Ohio  and  lUmker  Hill. 


LOXONEMA. 

A.     Surface  smooth  or  indiBtiiictly  marked  by  striae. 

b.     Shell  rather  slender,  ppire  tapering  gently  to  the  apex. 

L.  laerhisculnm. 

bb.     Shell  rather  robu8t,  tapering  rather  abruptly  near  the  apex. 

L.  teres. 
A  A.     Surface  with  strong  transverse  striae. 

c.     Striae  fine,  scarcely  curved  in  crossing  the  whorl ;    whorl 
slightly  constricted  near  the  suture.  L.  redialriatvm, 

cc.     Striae  coarse,   strongly  curved  in  crossing  the  whorl ;   the 
whorls  not  constricted  near  the  suture, 
d.     Strongly  constricted  at  the  suture;  whorls  very  con- 
vex. L.  hydraulica. 
dd.     Not  strongly  constricted   at   the  suture;    volutions 
moderately  convex.                           L.  humiUoniae, 
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Loxonema  laevituculum  Hall. 

L.  laeviiisculiim  Hall,  Pal.  N.  Y.,  1879,  Vol.  V.,  Pt.  11,  p.  131, 
PI.  28,  figs.  10-11. 

HalVs  original  description, — **Shell  elongate,  subulate.  Volu- 
tions about  12  in  the  entire  shell,  rounded  and  somewhat  rapidly  ex- 
panding to  the  last  one,  which  is  moderately  ventricose.  Suture  close 
and  simple.  Aperture  ovate,  the  columellar  lip  much  extended 
below.  Surface  nearly  smooth  or  marked  by  faint  obsolescent  striae, 
which  are  moderately  curved  over  the  convexity  of  the  volution  and 
become  faj^ciculate  on  the  lower  side  of  the  last  one  as  they  approach 
the  columellar  lip." 

1  have  not  seen  this  species.  It  was  described  from  specimens  ob- 
tained in  the  "limestone  above  the  hydraulic  beds."  Nettleroth 
reports  it  to  be  associated  with  L.  hydraulicum  in  the  "cherty  layers 
above  the  hvdraulic  limestone." 

Formation  and  locality. 
Sellersburg  beds;  Falls  of  the  Ohio. 

Tjoxonema  /y. 

A  single  broken  cast  of  Ix)xonema  in  my  collection  differs  specifi- 
cally from  anv  of  these  described  from  the  Devonian  and  resembles 
rather  closely  7/.  f^res  from  the  Chemung.  The  lower  whorls  arc 
marked  by  very  strong  angular  plications,  of  which  there  are  six  or 
eight  on  the  space  of  half  the  circumference  of  the  shell.  The  upper 
whorls  have  more  numerous  and  very  much  finer  striae.  The  speci- 
men is  too  imperfect  to  admit  of  a  satisfactory  specific  description. 

Formation  and  locality. 
Devonian  c^hert  (Jeffersonville  limestone?);  Newbern. 

Loxonema  hydrauiica  Hall. 
PI.  XVI,  fig.  12. 

\j.  hydraulica  Hall.  Pal.  N.  Y.,  Vol.  V,  Pt.  11,  1879,  p.  14,  PI.  13, 
fig.  M. 

Ilall's  description. — '\Shell  turreted.  Volutions  rounded,  six  in  the 
length  of  one  inch  and  a  quarter  from  the  base;  greatest  convexity 
aboul  ihc  niiddh*  of  each;  upper  ont'S  unknown.  Snlnrc  deep,  giving 
a  const ricitMl  aspect  at  the  junction  of  the  volutions.  Surface  nuirked 
with  distinct  angular  striae,  bending  gently  backward  from  the 
suture  to  the  periphery,  and  with  a  long  forward  curve  to  the  base 


DEVONIAN   FOSSILS   AND  STRATIGKAPHY  OF  INDIANA.  703 

of  each  volution;  those  of  the  last  volution  bending  more  abruptly 

baokwanl  and  making  a  second  abrupt  rctral  curve  to  the  columellar 

J*    *f 
ip. 

This  species  is  very  closely  related,  if  not  identical  with  L,  humil- 

lonae.    Not  very  common. 

forf nation  and  locality. 

Sellersburg  beds;  Charlestown,  Kent,  Lexington  and  Falls  of  the 
Ohio. 

Loxanema  hamiUoniae  Hall. 

L.  hamiltoniae  Hall,  Pal.  N.  Y.,  Vol.  V,  Pt.  II,  1879,  p.  45,  PI.  13, 
figs.  15-17. 

HalVs  description, — "Shell  elongate,  subulate.  Volutions  moder- 
ately convex,  about  thirteen  in  the  largest  specimens  known,  very 
gradually  increasing  in  size  from  the  minute  apex,  the  last  one  ven- 
tricose.  Aperture  ovate,  narrowing  below;  columella  extended.  Sur- 
face marked  by  longitudinal,  sharp,  curving  striae,  which  bend  gently 
backward  from  the  suture,  and  forwards  toward  the  base  of  the 
volution,  having  the  greatest  curve  near  the  middle,  those  of  the 
last  volution  curving  abruptly  backward  to  the  columellar  lip.  Striae 
separated  by  distinctly  defined  grooves  whicrh  are  a  little  wider  than 
the  ridges;  the  striae  increasing  in  distance  as  the  shell  grows  older." 

A  few  specimens  having  a  shallow  suture  and  moderately  convex 
volutions  have  been  referred  to  this  species. 

Formation  and  locality. 

Sellersburg  beds  and  Jefferson vilU'  limestone?;  Watson,  Burnsville, 
and  Falls  of  the  Ohio. 

fjoxonema  reetidriatmn  Hall. 

h.  ivctistrialmii  Hall,  Pal.  N.  Y.,  Vol.  V.  Pt.  11,  1879,  p.  i;^0, 
PI.  28,  fig.  9. 

IFalTs  uriginal  description. — ''Shell  elongate  terate.  Volutions 
probably  twelve  or  more  in  number,  moderately  convex,  very  gradu- 
ally increasing  in  size,  the  last  one  being  scarcely  more  convex  than 
tlu*  preceding;  each  volution  is  distinctly  contracted  a  little  below 
tiie  close  suture,  and  then  expanding  gives  the  greatest  convexity 
near  the  lower  third.  Suture  line  close.  Aperture  ovate,  with  the 
columella  extending  below.  Surface  marked  l)y  slender,  gently  curv- 
ing longitudinal  striae,  which  bend  backward  from  the  suture  to  the 
bottom  of  the  constriction,  and  then  continue  to  the  base  of  the 
volution — those  of  the  last  one  curving  gently  forward  to  the  col- 
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iinu»llar  lip.    TIk^  spaces  lictwocn  the  striae  are  from  once  and  a  hjiJf 
to  twiee  the  width  of  the  ridges." 

1'he  speeiniens  whieh  1  liave  referred  to  this  species  are  all  very 
iinich  smaller  tiian  the  type  figured  hy  Hall.  Tliey  agree  with  liis 
description,  however,  in  the  nearly  straight  transverse  striae,  and  the 
constriction  of  the  whorls  just  helow  the  suture  line.  It  is  not  un- 
coinmon  in  the  chert  in  some  localities. 

Forma/ ion  and  loralifij. 

Sellersburg  beds  and  J(»lTers(>nville  limestone;  Burnsville  and  the 
JMills  of  the  Ohio. 

Ijoxanema  ?  teres  Hall. 

L.?  teres  Hall,  Tal.  X.  Y.,  Vol.  V,  Pt.  IT,  18:9,  p.  42,  Pi.   13, 

fig.  10. 

Hairs  description. — ''Shell  turretiform.  Volutions  seven  or  more, 
gradually  enlarging  from  the  a[)ex,  the  last  one  moderately  ventri- 
cose,  and  all  gently  rounded  on  the  periphery.'' 

Thi^  s|)eeimens  referred  to  this  spe<-ies  are  like  the  type,  oasts 
which  do  not  show  any  surface  markings.  The  largest  of  these  has 
a  l(»ngth  of  one  and  three-lifths  inches.  Xone  of  them  show  the 
entire  spire.'' 

Formation  and  tocatity. 

.letfersonville  limestone:  Newhern. 


MACROCHKIMNA. 


A.      \A\»i  volution  inarke<!  hv  a  cnr'ma. 
AA.      Last  volution  witliout  a  carina. 


M,  carina  tu(t. 
M.  kebe» 


Macrocheitlaa  hebe  Hall 


PI.  XXIII,  fig. 2. 


Macrocljcilinn  licl.r  linll,  Pnl.  N.  Y.,  Vol.  V,  Pt.  II,  1879,  p.  :\2, 
V\.   Pi,  figs.    I-:. 

JIdirs  drsrrijftiini. — "SIh'II  tuvretcd  snld'usifonn,  length  less  than 
twice  the  (llMiiictcr.  \*nlu(i()ns  five  or  six,  ii])per  ones  minute,  the  last 
Iwo  \('iitrlro>r;  oiH'-hnir  llic  height  of  each  volution  showing  above 
the  sHiiir*'.  Shell  tliiek  «»n  all  parts,  esj>eeially  near  the  a])ertnre. 
A])ertiire  longitudinally  >iil»oval.  somewhat  j)ointed  Ixdow.  Surface 
marked  by  extreniely  fine  lines  of  growth.  Height  of  the  longest  in- 
dividual seen,  ji  little  moi'e  than  three-fourths  of  an  inch. 

The  >|)eeimens  which  1  have  seen  are  not  well  enough  preserved 
to  show  whether  tlie  fine  lines  of  growth  mentioned  bv  Hall  have 
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been  jirescnt.    In  other  respects,  however,  they  agree  closely  with 
Hall's  figures  and  descriptions  of  this  ppecies.    This  is  a  rare  species. 

ForDintion  and  locality, 
JcfTorsonville  limestone;  Bunker  Hill  and  Xewbern. 

Macrocheilina  carijiatus  Nettleroth. 

Macrocheilus  carinatus  Nett.,  Ky.  Foss.  Shells,  1889,  p.  180,  PL  20, 
figs.  20-23. 

Netflcroth's  original  description. — '*Shell  of  medium  size,  turreted, 
subfusiform;  length  less  than  twice  the  diameter;  volutions  four  or 
five,  gradually  increasing  from  the  apex,  last  two  ventricose,  and  the 
last  one  occupying  one-half  the  length  of  the  shell.  Aperture  not 
known:  indications  point  to  its  being  elongate.  No  surface  markings 
are  visible:  tlicy  have  been  obliterated  by  the  process  of  silification, 
to  which  our  specimens  were  subjected.  A  peculiarity  of  this  shell 
is  the  carina  on  tlie  periphery  of  the  last  volution,  as  plainly  shown 
in  figures  20  and  23.  It  is  in  fact  not  a  real  carina  but  produced  by 
the  elevation  of  the  lower  half  of  the  volution  above  the  surface  of 
the  upper  half.  This  species  has  some  resemblance  to  M,  hehe,  but 
differs  from  it  by  the  peculiar  feature  of  its  lower  volution." 

Fovmallon  and.  locality. 

Sellcrjiburg  beds  and  "Corniferous  limestone;'*  Falls  of  the  Ohio 
and  lA'xington. 

Murchisonia  dei^iderata  Hall. 

PI  XVI,  fig.  8. 

]\r.  dc>idorata  Hall,  Pal.  N.  Y.,  Vol.  V,  Pt.  II,  1879,  p.  89,  PI.  2y, 
figs.  1-3. 

II air s  (Jrsrripfinn. — **Shell  elongate  turretiform;  si>ire  somewhat 
rapidly  ascciuling.  Volutions  ten  or  more,  obtusely  angular,  flat- 
tcn(Ml  on  their  upper  sides,  and  a  little  more  convex  below  the  spiral 
bend,  tln'  lower  ones  gradually  enlarging;  the  greatest  width  of  the 
last  volutions  about  equal  to  the  height  of  the  two  above,  and  scarcely 
more  ventricose  than  the  preceding  one,  except  toward  the  aperture. 
Apertun^  somewhat  elongate;  the  columellar  lip  thickened  and 
bounded  by  a  nuirked  callosity. 

^'Surface  ninrked  by  distinct  concentric  striae,  which  are  sometimes 
raised  in  fascicles  above  the  general  surface  of  the  shell,  and  bending 
gently  Uuk  from  the  suture  reach  the  spiral  band,  crossing  which 
they  bend  forward  more  abruptly,  making  a  gentle  curve  to  the 
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suture  below.  The  spiral  band  at  about  three-fourths  of  the  width 
of  the  volution  below  the  suture  is  simple,  flattened  or  slightly 
concave,  limited  by  narrow  moderately  elevated  revolving  lines,  and 
marked  by  the  retrally  curving  striae,  which  are  less  prominent  upon 
it  and  the  adjacent  parts  than  near  the  suture.    Suture  close." 

The  specimen  here  figured  is  considerably  larger  than  those  figured 
by  Hall.  I  have  seen  only  one  specimen  in  which  any  of  the  striae 
are  well  preserved  (PI.  XVI,  fig.  8).  In  this  they  bend  abruptly  back- 
wjird  on  reaching  the  spiral  band  before  crossing  it. 

One  of  my  specimens  from  the  chert  agrees  closely  with  that  fig- 
ured and  described  by  Hall  as  Murcliisonia  desiderata  var.  except  in 
the  character  of  the  upper  part  of  the  spire,  which  has  the  volutions 
distinctly  rotund  instead  of  angular.  Spire  gradually  and  regularly 
tapering  with  the  volutions;  striae  indistinct;  revolving  band  woll 
marked  only  in  the  lower  four  volutions;  those  in  the  upper  part  of 
the  spire  arc  distiivtly  rotimd.  Apparently  considerable  variation  ob- 
tains within  the  limits  of  this  species.  Good  specimens  arc  very 
rare. 

For  VI  a  lion  and  locality. 

JcfTorsonvillc  limcsionc;  IkirnsviJle  and  Falls  of  the  Ohio. 

NatlcopsiB  i^p. 

PI   XVI,  fig.  10. 

Shell  Sinn  11.  form  as  indicated  by  fi^xuro:  spire  low;  volutions  three 
or  four,  the  last  very  large,  and  regularly  rounded.  Surface  appar- 
ently smooth;  suture  well  defined.  A]HM*ture  unknown.  This  shell  is 
less  globose  and  more  de])ressed  than  most  of  the  forms  referred  to 
yaliropsis  and  is  i)laeed  j^rovisionally  in  this  genus. 

Formation  and  locality. 

Jcirersonvillc  liniesLorie;  ri])e  Creek  Falls. 

Xatlcop.x'iH  Icvis  Meek. 

X.  levis  Meek,  Pal.  C)hio,  Vol.  I,  1873,  p.  215,  PI.  19,  figs.  4a,  b. 

Mrd-'s  description. — '\Shell  apparently  attaining  a  medium  size: 
subovate  in  general  form  at  maturity.  ])ut  proportionally  shorter  in 
the  young;  spire  moderately  ])roTninent;  volutions  four  to  four  and  a 
half,  convex,  inerea>^ing  rather  rapidly  in  size:  last  one  large,  or  form- 
ing near  nine-tenths  of  the  entire  bulk  of  the  shell,  rounded  on  the 
sides,  and  a  little  extended  l)elow:  suture  well  defined;  aperture  ovate, 
being  regularlv  rounded  Kelow  and  more  or  less  angular  above;  col- 
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umella  arcuate  and  distinctly  flattened,  or  a  little  concave  below  the 
non-perforate  umbilical  region,  above  which  the  inner  lip  is  thick- 
ened.   Surface  only  showing  obscure  lines  of  growth. 

**Length  of  the  largest  specimen  seen,  0.60  inch;  breadth,  0.48 
inch;  height  of  aperture,  0.38  inch;  breadth  of  aperture,  0.27  inch.'' 

I  have  not  seen  this  species,  but  it  is  recorded  in  Hall's  list  of 
species  from  the  Falls  of  the  Ohio,  24th  Rep.  N.  Y.  State  Mus.  Nat. 
Hifit.,  p.  200. 

Formation  and  locality. 

Jetfer^ionvil]e  liniestone(?);  Falls  of  the  Ohio. 

StrajKfroUus  cyclostoimis  (Hall). 

Pl.XXI.fi^.  9. 

Jtuoniplialiis  oyclostomus  Hall,  (Jcol.  Surv.  Iowa,  Vol.  T,  Pt.  II, 
1858.  p.  olC. 

This  !>]MH-io>  is  lisiofl  in  the  State  ^luscnm  catalogue  (IGth  Ann. 
Re}).,  p.  401)).  The  sfpefinieii  tlien'  refcirred  to,  however,  is  a  cast 
which  belon^^s  to  another  species^.  S.  cj/rlostomtis  has  not  yet  been 
recognized  in  Indiana.  The  specirin'ii  of  (liis  species  which  is  here 
figured  is  from  Lime  Creek,  Towa. 

Pleuronotiin  dfcewi  (IJilliugs;. 

Kuoinphalns  docowi  :\reek,  Fal.  Ohio,  \o\.  I,  1873,  p.  220,  PI.  19, 
figs.  ;3a,  b:  11.  :iO.  lig.  1. 

Eiiom])halus  di'crwi  IhiU,  Pnl.  N.  Y.,  Vol.  V,  Pt.  II,  1879,  p.  55, 
PL  15, 1i.i(s.  1-8. 

Mevli's  ilrsi  rijflion. — ''Shell  attainin^r  a  large  size,  discoid  in  form, 
the  ujijicr  side  being  niodi-ralely  concave  or  nearly  or  quite  flat,  and 
the  lewcr  l»r«);idly  aiid  deeply  concave:  jx-riphery  flattened  convex, 
and  Tiejirly  \erticul  U>  the  plane  of  the  shell,  or  somewhat  oblique. 
\'uluti<»n<  jiljcuit  three,  irregidarly  snliqiiadrangular,  increasing  regu- 
larlv  and  uradiiallv  in  size  from  the  apex,  and  coiled  more  or  less 
nearly  (hut  never  exa(-tly)  in  the  sarni;  j)lane,  obtusely  angular  around 
llie  upper  oiilcr  side,  and  thenco  ilattened,  with  a  more  or  less  inward 
slope  alcove,  to  ilu*  inner  side;  lower  side  of  volutions  prominent  and 
ohtusely  an.irular  at  its  connefiion  with  the  j)eripher\\  from  which 
point  it  slopes  strongly  inward,  usually  with  a  concave  face,  into  the 
large  unihilicus:  aperture  like  the  section  of  the  volutions,  irregularly 
quadraniiuhir,  the  inner  side  being  much  narrower,  and  the  oblique 
lower  sid<?  wider,  than  any  of  the  others.  Surface  ornamented  by 
distinct  lines  of  growth,  and  sometimes,  on  the  upper  and  outer 
sides  of  the  volutions,  by  little  regular  ridges,  both  of  which  curve 
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stroAgly  backward  to  the  angle  formed  at  the  meeting  of  the  upper 
and  outer  sides,  where  they  make  a  short  backward  arch  in  crossing 
a  slightly  concave,  undefined  band,  somewhat  like  that  seen  in 
Pleurofomaria ;  thus  indicating  a  wide,  deep  notch  in  the  lip  at  the 
termination  of  the  upper  angle  of  the  volutions.  A  similar  but  less 
strongly  defined  backward  curve  of  these  markings  also  occurs  on  the 
outer  surface  of  the  whorls,  at  the  lower  angle.  Greatest  transverse 
diameter  of  a  large  specimen,  about  4.30  inches;  height  of  same  near 
the  aperture,  1.66  inches." 

Internal  casts  of  this  species  are  not  uncommon.  They  may  be 
recognized  by  the  angular  character  of  the  volutions,  a  transverse 
section  of  the  outer  volution  being  subquadrilateral  or  triangular. 
I  have  seen  no  specimens  preserving  the  outer  surface  of  the  shell. 

Formation  and  locality. 

Jeffersonville  limestone;  Pipe  Creek  Falls,  Jefferson  County  and 
Falls  of  the  Ohio. 

Polyphemopsis  loumnllae  Hall  and  Wbitf. 

P.  louisvillae  Hall  and  Whitfield,  24th  Rep.  N.  Y.,  State  Mus.  Xat. 
Hist.,  1870,  p.  193. 

P.  louisvillae  Xettleroth.  Ky.  Foss.  Shells,  1889,  p.  180,  PI.  20, 
figs.  16-19. 

Ilall  and  WhiifieJd's  original  description. — "Shell  small,  ventrico:5e, 
consisting  of  about  six  rapidly  tapering  volutions,  the  last  of  which 
comprises  about  two-thirds  the  entire  length  of  the  shell.  Aperture 
large  ovate,  widest  below  the  middle,  and  pointed  at  the  upper  angle; 
a  little  more  than  half  as  long  as  the  shell.  Columella  slight;  suture 
scarc-ely  impressed.     Surf  are  smooth.'' 

The  specimen  here  fiiriircMl  is  apparently  a  young  individual  of  this 
species. 

This  is  a  rather  rare  sliell. 

Fo  nil  at  ion  and  localih/. 

Sellersburg  beds  and  .lefTersonvillo  limestone:  Bnrnsviile,  Falls  of 
the  Ohio. 

Turbo  t'humardi  DeVerneuil. 

Pl.XXir,  fi^'.l. 

T.  shumardi  llalK  Pal.  X.  Y..  Vol.  Y,  Pt.  II,  1879,  p.  135,  PL  29, 
figs.  1-4. 

IlalVs  description. — "Shell  gibbous,  subglobose.     Spire  moderately 

elevated,  apex  minute;  volutions  about  five  or  six,  gradually  enlarg- 

[  ing  in  the  earlier  stages  of  growth,  and  the  last  one  becoming  ex- 
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tremely  ventricose,  with  a  broadly  expanded  aperture;  the  earlier 
volutions  are  smooth  and  regularly  rounded  upon  the  exposed  sur- 
faces, gradually  becoming  nodose  and  flattened  or  somewhat  concave 
upon  the  upper  side,  the  nodes  increasing  in  size  and  strength  with 
the  increase  of  the  volutions.  Suture  close  in  the  earlier  volutions, 
and  becoming  somewhat  canaliculate  in  the  later  ones.  Lower  side 
of  the  outer  volution  very  convex  even  in  the  umbilical  region,  and 
much  extended  in  the  direction  of  the  columella.  Aperture  broadly 
roundofl  or  somewhat  obscurely  pentahedral;  columellar  lip  obtuse, 
thickened,  having  a  distinct,  broad  opercular  groove;  callus  covering 
the  umbilicus  and  spreading  outwardly;  external  margin  of  the  aper- 
ture thin.  Surface  marked  by  fine  comparatively  even  striae  of 
growth,  which  are  often  crowded  in  fascicles,  and  in  old  shells  are 
somewhat  imbricated  at  irregular  intervals.  Periphery  of  the  outer 
volution  with  a  strongly  elevated  obtusely  angular  carina,  which  is 
continued  from  the  suture  line  at  the  inner  posterior  angle  of  the 
aperture.  The  outer  one  or  two  of  the  volutions  (depending  on  the 
size  of  the  shell)  marked  by  strong  curving  nodes,  which,  commencing 
just  below  the  suture,  are  nearly  vertical  for  a  short  distance,  and 
thence  curving  forward  are  finally  directed  toward  the  aperture,  and 
gradually  become  merged  in  the  general  surface.  The  striae  orig- 
inating at  the  suture,  are  first  directed  backward,  and  thence  gently 
curving  over  the  nodes,  become  nearly  vertical  and  thus  continue 
to  near  the  peripheral  carina,  where  they  are  turned  a  little  backward 
and,  ])assin^  this  elevation,  they  are  directed  with  a  slight  curve 
toward  the  columella." 

The  above  description  is  based  upon  specimens  from  the  Falls 
of  the  Ohio.  This  species  occurs  also  in  the  northern  Indiana  De- 
vonian. A  specimen  from  the  latter  region  shows  the  strong  folds  or 
nodes  wliich  extend  entirely  across  the  upper  side  of  the  outer  volu- 
tion from  the  sutun*  and  are  directed  backward.    This  is  a  rare  fossil. 

Formal uni  and  locality. 

Little  Hack  Creek,  Cass  Countv.  and  Falls  of  the  Ohio. 

PLECROTOMARIA. 

A.     Surface  cancelljited  by  regular  revolving  striae. 

I>.     Shell  large  with  rotund  form  and  convex  volutionB. 

P.  lucina  and  var.  perfasciata, 
AA.     Surface  without  revolving  striae. 

<•.     Peripheral  band  divided  hy  a  central  carina.  P.  prttrferi, 

('('.     Peripheral  band  without  a  central  carina. 

(1.     Shell  with  two  cariuae  below  the  peripheral  band. 

P.  arbella. 

dd.     Shell  without  two  carinae  below  the  peripheral  band. 

P.  iuleomart/inata. 
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I^iroUnnaria  mlcomarginata  Courad. 

Pl.XX,fifffl.9,10. 

P.  sulcomarginata  Hall,  Pal.  N.  Y.,  Vol.  V,  Pt.  II,  1879,  p.  69, 
PI.  19,  figs.  8-17. 

HalVs  description. — ''Shell  depressed  trochiform;  spire  moderately 
elevated;  apex  minute.  Volutions  four  or  five,  very  depressed  convex 
on  the  upper  side,  gradually  enlarging  to  the  last  one,  which  becomes 
somewhat  ventricose.  Aperture  subquadrate,  somewhat  wider  than 
liigh,  the  columella  much  extended  below. 

**Surfacc  marked  by  two  distinct  narrow  revolving  carinac  on  each 
volution,  one  just  below  the  suture,  and  the  other  near  the  periphery, 
with  finer  intermediate  striae  which  are  rarclv  visible;  the  entire 
surface  marked  by  strong  regular  and  even  concentric  striae  which 
crcnulatc  the  revolving  carinae,  and,  passing  over  the  lower  one. 
bend  backward  to  the  concave  peripheral  band.  Suture  sometimes 
sharply  canaliculate. 

"In  entire  specimens  the  apex  is  ver}'  minute,  and,  when  the  outer 
carination  is  crcnulatcd  by  the  strong  concentric  striae^  the  shell 
has  a  coronate  aspect.  This  carination,  however,  is  often  obsolete  on 
the  outer  volution,  and  more  rarely  on  the  next  above,  and  the  striae 
then  continue  uninterruptedly  bending  backward  to  the  peripheral 
band,  and  contiiuiing  on  the  lower  side  often  very  nearly  of  the  same 
strength  as  above.  There  is  frequently  a  narrow  depressed  band 
jii.^t  below  the  periplieral  band  on  the  last  volution,  causing  a  slight 
deflc(!tion  of  the  striae.  The  striae  are  usually  finer,  and  sometimes 
become  nearlv  obsolete  below  the  outer  carination,  and  more  rarelv 
on  other  parts  of  the  shell,  especially  near  the  aperture." 

This  is  a  rntlier  conmion  species  at  some  localities  in  southern 
Indiana. 

Form  all  on   and  Joralih/. 

S(.'llrrsl)urLr  ImmIs  and  Jctrcrstniviih^.  liiiiostono;  Jiexinirton,  Charh.*s- 
town.  Lancaster  aiul  I-'alls  of  the  Ohio. 


Plearotomaria  hicina  Hall. 

r.  liK-ina  Hall,  Pal.  N.  Y.,  A^ol.  V,  Pt.  II,  18:9,  p.  GT,  PL  l.s^ 
tigs.  ML 

Hall's  (Irsrriplion. — '\Shell  subglobose,  or  obliquely  ovoid-conieal, 
S]:)ire  moderately  elevated;  apex  minute.  Volutions  about  four,  grad- 
uallv  rxnandini:  to  the  last  one,  wliii'h  ])eeonies  vorv  re<rularlv  ventri- 
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cose,  with  Ihe  aperture  expanded  and  nearly  rounded,  extended  over 
the  lower  side,  with  a  shallow  notch  on  the  anterior  margin;  upper 
side  of  the  volutions  very  symmetrically  convex;  suture  neatly  de- 
fined, slightly  canaliculate;  lower  side  of  the  body  volution  convex 
in  the  middle  and  abruptly  curving  into  the  umbilical  depression. 
Surface  beautifully  cancellated  by  concentric  and  revolving  striae, 
which,  in  many  specimens,  are  of  equal  strength.  Periphery  marked 
by  a  moderately  wide  band,  on  which  the  striae  are  turned  abruptly 
backward.  This  band  is  limited  by  stronger  striae  or  narrow  ridges 
on  each  side,  sometimes  with  one  or  two  slender  revolving  striae 
within  the  limits  of  the  band,  marking  a  narrow  space  which  is 
often  crenulated  by  the  concentric  striae. 

"This  species  is  well  marked  by  its  symmetrically  rotund  form 
with  moderate  elevation  of  the  spire,  and  the  regular  convexity  of 
the  volutions,  even  in  casts  of  the  interior  when  not  compressed. 
There  is  some  variety  in  the  surface  markings  of  the  specimens 
apparently  belonging  to  this  species.  The  concentric  striae  are  some- 
times irnich  coarser  than  the  revolving  ones;  and  fmer  striae  are  im- 
planted between  the  stronger  ones,  and  do  not  reach  the  suture  line. 
In  old  individuals  the  revolving  band  is  sometimes  nearly  a  quarter 
of  an  inch  in  width.  A  very  symmetrical  specimen  has  a  diameter 
of  a  little  more  than  two  inches,  and  is  nearly  an  inch  and  three- 
fourths  in  hcij:^ht.  Another  specimen,  which  has  suffered  some  coip- 
pression,  has  a  breadth  of  about  three  inches,  with  nearly  the  same 
height  of  spire. '■ 

The  State  ]\[useum  contains  one  specimen  of  this  specicj?,  the  only 
one  I  have  seen. 

Forma f Ion  anrj  locality. 

Sellcr.-hnrfr  beds  (?)  and  JeffersonvilJe  limestone;  Falls  of  the  Ohio 
and  Charl».*stown. 

Pleurotomaria  lucina  var.  perfasdota  Hall. 

P.  hicina  var.  perfasciata  Hall,  Pal.  N.  Y.,  Vol.  V,  Pt.  TI,  1879, 
p.  83,  PI.  21,  figs.  19,  20. 

This  variety  differs  from  P.  lucina  according  to  Hall  in  having 
somewhat  stronger  striae,  and  in  the  character  of  the  concentric 
and  revolving  striae  on  the  last  volution;  the  latter  where  crossing 
the  transverse  striae  produce  a  nodose  surface,  ^'giving  the  shell  a 
coarse  rude  :i-]»ect  quite  unlike  the  ordinary  forms  of  this  species.'' 

Formal  ion  and  locality. 

Xettleroth  reports  this  variety  from  the  '"'Corniferous  limestone:" 
Falls  of  the  Ohio. 
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Pleurotomaria  arbeUa  Nettleroth. 

r.  arbella  Nett.,  Ky.  Foss.  Shells,  1889,  p.  I'M,  PL  26,  fig.  12. 

NeUleroth's  original  description. — "Shell  rather  large,  turbinate, 
spire  elevated;  apex  minute,  aperture  subquadrate,  apparently  some- 
what wider  than  high.  Volutions  five  or  six,  prominently  convex, 
rapidly  enlarging,  last  one  or  body  whorl  very  ventricose.  Shell 
wider  than  high.  Surface  marked  by  three  revolving  carinae,  of 
which  one  is  above  and  the  other  two  below  the  peripheral  band; 
the  band  itself  is  flat  and  narrow,  and  not  limited  by  elevated  carinae; 
the  upper  part  of  the  volution  at  least  in  the  two  last  ones,  is  gently 
sloping  from  suture  to  the  first  or  upper  carinae;  from  this  it  curves 
to  the  spiral  band,  forming  a  moderately  deep  rounded  furrow. 

"The  interspaces  between  band  and  second  carina,  and  between 
this  and  the  third  or  last  carination,  are  also  rounded  depressions,  of 
which  only  the  one  next  to  the  band  is  of  about  equal  depth  with 
the  furrow  in  the  upper  half;  the  second  depression  in  the  lower  half 
is  shallow.  In  consequence  of  the  great  convexity  of  the  volutions 
the  suture  is  deep.  The  character  of  the  transverse  striae  is  only 
indicated  but  not  fuUv  known/^ 

This  species  is  known  only  from  the  type  in  the  Nettleroth  collec- 
tion. 

Formation  and  locality. 

"Corniferous  limestone:''  Clark  Countv. 

Pleurotomaria  procteri  Nettleroth. 

P.  procteri  Nott.,  Ky.  Foss.  Shells,,  1889,  p.  173.  PL  21,  figs.  9, 
10,  13. 

Nrttlcrotys  orifjiual  description. — ''^Shell  trochiform;  height  ex- 
ceeding width  about  one-fourth  or  more.  Volutions  from  five  to  six, 
somewhat  ra])idly  increasing  in  size,  the  last  one  ventricose;  there  is 
only  one  carina  above  and  one  below  the  peripheral  band;  the  carina 
above  the  band  <i:ives  to  the  upper  portion  of  the  volution  a  sub- 
angular  a]>pearan('o,  while  the  lower  part  is  regularly  rounded.  The 
peripheral  band  is  divided  by  a  somewhat  finer  central  carina,  which 
is  crossed  rectangularly  by  strong  striae,  which  only  extend  from 
margin  to  margin  of  the  peripheral  band  with  interspaces  of  about 
four  times  their  own  size.  These  rectangular  striae  are  entirely 
separated  from  the  striae  of  the  upper  or  lower  lialf  of  the  volution: 
they  give  the  dividing  carina  a  beautifully  crenulated  appearance. 
On  both  sides  of  the  peripheral  band  the  surface  is  ornamented  by 
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strong  transverse  striae;  in  the  upper  half  they  start  from  the  suture, 
and  run  in  an  almost  straight  line,  with  a  backward  deflection  of 
about  ten  degrees,  to  the  first  carina,  from  which  they  curve  slightly 
backward  to  the  upper  marginal  carina  of  the  peripheral  band.  This 
system  of  striae,  interrupted  by  the  band,  continues  at  the  lower 
marginal  carina  of  the  latter,  from  where  the  striae  extend  in  slightly 
curved  or  nearly  straight  lines  with  a  forward  deflection,  either  to 
the  sutures  of  the  upper  volutions,  or  to  the  lower  carina  of  the  body 
whorl.  From  thij?  lower  carina,  which  forms  the  suture  line  of  the 
upper  whorlS;  and  which  is  therefore  only  visible  on  the  last  volu- 
tion, the  striae  curve  gently  to  the  umbilicus  and  to  the  columellar 
lip;  but  a  great  number  of  them  die  out  or  become  extinguished  at 
different  distances  from  the  lower  carina.  All  the  volutions  are,  in 
their  transverse  sections,  extremely  convex,  which  gives  them  very 
deep  sutures,  and  separates  ihem  from  each  other  in  a  very  decided 
manner.  The  aperture  of  this  shell  is  not  known,  inasmuch  as  in  all 
the  specimens  in  my  collection  the  outer  lip  is  missing." 

Formation  and  locality. 

Nettleroth  reports  this  species  from  the  "'•Corniferous  limestone  of 
Clark  Countv." 

TBOCHONEMA. 

A.     Surface  marked  by  nodes.  T.  yandellanum , 
A.\.     Surface  not  marked  by  nodes. 

b.     Bodv  volution  bicarinate. 

c.    The  lower  carina  of  the  whorls  of  the  spire  separated  from 

the  suture  by  an  interspace.  T.  emaeerata, 

cc.     The  lower  carina  of  the  whorl  of  the  spire  coincident  with 

tlie  suture.  T,  recHlatera, 

bb.     Body  volution  with  three  or  more  carinae.  T,  metkanum, 

Trochonema  meekanum  (Meek). 

PI.  XVI,  fig.  9. 

Trochonema  tricarinatum  Meek,  Pal.  Ohio,  Vol.  I,  1873,  p.  218, 
PI.  19,  figs.  4a,  b. 

MeeVs  description. — "Shell  turbinate,  thin,  a  little  wider  than 
high:  spire  depressed.  Volutions  about  five,  strongly  shouldered,  or 
nearly  rectangular  above,  the  upper  surface  being  flat  or  a  littb*  con- 
cave, and  extended  out  almost  horizontally  to  the  rectangular  and 
carinato  sliouldcr:  ])elow  this  the  outer  side  is  nearlv  verticallv  flat- 
tencd  to  a  second  carina,  passing  on  around  near  the  middle  of  the 
bodv  whorl,  exactlv  coincident  with  the  suture  between  that  and  the 
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succeeding  turn,  so  as  not  to  be  exposed  on  the  spire;  below  this 
second  carina  the  under  side  of  the  body  volution  is  flattened  with  a 
strong  inward  slope,  to  a  third  well  defined  carina,  passing  around 
the  middle  of  the  under  side,  and  forming  the  margin  of  the  umbili- 
cus. Aperture  oval-subpentagonal,  being  a  little  higher  than  wide, 
and  somewhat  angular  above  at  the  connection  of  its  outer  lip  with 
the  return  of  the  spire,  and  at  the  termination  of  each  of  the  three 
revolving  carina,  as  well  as  .very  obscurely  so,  a  little  below  the 
middle  of  the  inner  side;  under  lip  thin  below  its  connection 
with  the  carina,  passing  around  the  umbilicus,  at  which  point  it  is 
very  slightly  thickened,  while  above  this  it  seems  to  be  nearly  or 
quite  obsolete.  Umbilicus  rather  wide,  but  shallow,  or  very  rapidly 
contracting  within. 

''Suture  well  defined  without  being  in  the  slightest  degree  fur- 
rowed. Surface  only  showing  very  fine  lines  of  growth,  which,  on 
the  upper  flattened  space  of  the  volutions,  pass  obliquely  outward 
and  backward,  with  a  very  slight  curve  from  the  suture  to  the  upper 
angle  or  shoulder,  below  which  they  pass  nearly  straight  down  the 
outer  flattened  area  to  the  second  carina,  which  is  as  far  as  they  can 
be  traced  in  the  specimen  studied. 

"Height,  0.81  inch;  breadth,  0.90  inch;  height  of  aperture,  0.."»1 
inch;  breadth  of  aperture,  O.-IG  inch." 

The  specimen  hero  figured  is  a  guttapercha  cast.  It  differs  from 
!^^eek's  description  in  some  respects,  the  height  slightly  exceeding 
the  width,  and  the  surface  striae  being  stronger  than  his  liaure  would 
indicate.  The  s])e(;imen  also  shows  below  the  carina  liniiiing  the 
lower  side  of  the  flat  peripheral  l.»and  of  the  body  whori  two  other 
revolviiig  carina  and  a  third  indistinct  one.  Jt  seems  ix.^st,  how- 
ever, in  the  al>>eiiee  of  material  for  studying  the  variation  of  the 
speeies,  io  reirard  this  as  a  variation  of  ]\Ieek's  s[)eeies. 

ForjKO.Iion  aixf  JomlHi/. 

Jell't'r<nii\ill('  liinestnne:  Newiu.Tn. 

Troclnmnna  [jamhUana  Hall  and   Whilf. 

'J\  yand. 'liana  TIall  vV  Whitfield,  24th  Kep.  N.  Y.  State  Mus.  Nat. 
Hi^t..  \>^V2.  p.  191. 

T.  yandellana  Hall  \'  Whitfield,  2:th  Eep.  N.  Y..  State  Mus.  Nat. 
Hist..  \^^.:y.  PI.  13,  fi.i:'.  3. 

II nil  ami  Whif/irhTs  original  drsrrijition. — "'^Shell  turbinate  volu- 
tions about  five  (thret!  of  which  are  ]u*eserved  in  the  specimen), 
rapidly  inercasinir.  carinated:  the  last  volution  becoming  ventricose 
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and  marked  b)'  seven  revolving  carinae,  including  the  one  bordering 
the  somewhat  channeled  suture;  four  of  the  carinae  are  distinctly 
marked  by  thin  lanceolate  nodes,  which  become  more  prominent  with 
the  increased  growth  of  the  shell,  while  the  other  three — one  border- 
ing the  suture  and  two  on  the  lower  middle  portion  of  the  volution — 
are  destitute  of  nodes  (in  the  specimen  described),  but  may  possibly 
assume  this  character  in  more  advanced  stages  of  growth.  The 
carinae  are  ??ituated  one  at  the  suture  and  one  bordering  the  moder- 
ately lar^u  umbilicus,  with  five  on  the  body  of  the  volution,  of 
which  TWO  are  above  the  middle  and  three  below;  the  spaces  sep- 
arating those  bordering  the  suture  and  umbilicus  from  those  on  the 
body  of  the  volution,  are  considerably  wider  than  the  spaces  between 
the  intornicdiatc  carinae.  Aperture  rounded,  slight,  modified  by  the 
carinae.  Surface  marked  by  fine  transve;*se  striae  of  growth,  which 
turn  backward  as  they  cross  the  volution,  to  the  umbilicus." 
1  have  not  seen  this  species. 

Format  ion  (ind  localiiy. 

'*rhertv  la  vers  of  the  Corniferous  limestone;"  Falls  of  the  Ohio. 

Irochoneina  emacerota  Hall  aud  Whitf. 

T.  eiiiaeerata  Hall  &  Whitfield,  24th  Kcp.  X.  Y.  State  Mus.  Nat. 
Hist.,  18:2,  ]).  11»3. 

T.  eniaceratji  H.  &  W.,  2Tth  Rep.  X.  Y.  State  Mus.  Nat.  Hist., 
1873,  n.  13,  fig.  11. 

II all  and  WhitftehVs  original  description. — ^'Shell  turbinate,  con- 
sisting of  four  or  i\\e  volutions,  the  upper  ones  moderately  convex 
and  biearinatc;  the  suture  line  commences  a  little  below  tlie  second 
carina.  The  last  volution  is  very  ventrieose,  with  a  rounded  aper- 
ture; unibilinis  small. 

'^Surface  marked  apparently  only  by  lines  of  growth. 

''This  sp^'cies  differs  from  T.  iricarinaia  Meek,  in  the  more  ele- 
vated s})ire,  the  sloping  side  of  the  volutions  between  the  suture  and 
the  first  carina,  and  in  having  two  carinae  with  an  interspace  equal  to 
that  above  and  below,  while  there  is  no  evidence  of  a  carina  bordering 
the  narrow  nmbilicus.'' 

This  specMCs  is  rare. 

Forma/ Ion  and  local  iff/. 

"In  liim-toiM.'  above  the  ^Hydraulic  beds';''  Sellersburg  beds;  Lou- 
isville. 
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Trodumema  rectilatera  Hall  aud  Whitfield. 

T.  rectilatera  H.  &  W.,  24th  Rep.  N.  Y.  State  Mus.  Nat.  Hist., 
1872,  p.  193. 

T.  rectilatera  H.  &  W.,  27th  Rep.  N.  Y.  State  Mus.  Nat.  Hist., 
1875,  PI.  13,  figs.  4-5. 

Hall  and  Whitfield's  original  description. — "Shell  turbinate,  breadth 
and  height  almost  equal;  volutions  about  five,  carinated  above  with 
straight  nearly  vertical  sides;  outer  one  ventricose  with  two  distinct 
carinae  having  a  wide,  vertical,  slightly  concave  space  between, 
which  occupies  more  than  one-third  of  the  height  of  the  volution. 
Upper  side  of  the  volution  convex  for  half  the  distance  to  the  carina, 
and  below  this  they  are  concave,  giving  the  form  of  an  ogee. 

"In  another  specimen,  apparently  identical,  the  upper  side  of  the 
volutions  arc  slightly  concave  and  regularly  sloping  downward  from 
the  suture  to  the  carina.  Lower  side  of  the  volution  not  carinate; 
umbilicus  small,  or  closed  with  a  callosity. 

"Surface  marked  by  fine  striae  of  growth,  which  are  turned  back- 
ward from  the  suture,  and  are  vertical  on  the  sides  of  the  volution, 
and  on  the  lower  side  curve  backward  to  the  umbilical  area." 

Formation  and  locality. 
"Upper  limestones"  (Sellersburg  beds?);  Falls  of  the  Ohio. 


Cycloiiema  crenulaki  Meek. 

PI     XXI,   fiRB.   10,   11. 

C.  creiiulata  Meek,  Pal.  Ohio,  Vol.  I,  18T3,  p.  213,  PI.  19,  figs. 
2a,  b,  c,  d. 

MeeVs  description. — ''Shell  turbinate,  subtrochiform,  thin;  spire 
depressed  conical,  volutions  four,  increasing  rather  rapidly  in  size, 
those  of  the  spire  convex,  but  not  rounded;  last  one  not  large,  convex 
on  fhe  upper  slope  of  the  ]:)eriphery,  which  is  rather  narrowly 
rounded;  suture  well  defined  between  the  upper  volutions,  and  some- 
what canaliculate  further  down;  aperture  ovate.  Surface  ornamented 
by  sharply  elevated  revolviuir  lines  or  small  ridges,  which  are  beauti- 
fullv  and  intimately  eronulated  bv  the  crossinj^:  of  the  verv  fine,  verv 
oblique  lines  of  growth.  Of  these  revolving  lines  from  sixteen  to 
eighteen  may  be  counted  on  the  body  volution  and  sixteen  on  the 
next  above,  while  those  farther  up  appear  to  be  quite  smooth. 

"Ticngth,  0.34  inch;  breadth,  0.32  inch." 
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I  have  several  specimens  of  this  species,  all  from  the  northern 
Indiana  Devonian.  The  revolving  striae  are  not  noticeable  on  the 
third  volution,  as  indicated  by  one  of  the  figures. 

Forvmtion  and  locality. 
Jclfersonville  limestone;  Bunker  Hill  and  Pipe  Creek  Falls. 

Cyclonema  cancellata. 

C.  cancellata  Hall,  27th  Ann.  Eep.,  X.  Y.  State  Museum  Nat.  Hist., 
18:5,  PI.  13,  figs.  6-7. 

This  species  was  figured  by  Hall,  but  not  described.  I  have  not 
been  able  to  recognize  it  in  my  collections. 

Formaiion  and  locality. 

Jetrorsonville  limestonc(?);  Falls  of  the  Ohio. 

Acluina  bameiti  n.  sp. 

PI.  XXIII,  fig.  3. 

Shell  elongate  conical;  volutions  seven  or  eight  in  mature  speci- 
nien^,  compressed  convex,  the  lower  third  descending  to  the  suture 
with  a  distinctly  convex  outline,  while  the  upper  portion  is  flat;  volu- 
tiojis  regularly  increasing  from  the  apex.  Suture  well  defined  and 
rallior  deeply  impressed.  The  volutions  of  the  spire  have  the  surface 
marked  by  from  six  to  eight  strong  revolving  lines;  the  body  volu- 
tion has  about  twice  this  number,  half  of  which  are  on  the  lower  side 
of  the  volution. 

The  smallest  specimen  observed  has  a  length  of  7/50  of  an  inch 
and  only  five  volutions.  In  four  specimens  examined  the  length  is 
about  one  and  a  half  times  the  width. 

Form  at  ion  and  locality, 
Jelforsonville  limestone;  Pipe  Creek  Falls  and  Bunker  Hill. 

Aclisina  birfietli  var.  elongata  n.  var. 

PI.  XXIII,  fig.  4. 

The  elongate  form  of  one  specimen  seems  to  justify  its  separation 
from  I  he  others  as  a  well  marked  variety.  Its  length  equals  the 
width. 

FonnaCwn  and  locality. 

.T(ir«rsonville  limestone;  Keesport,  Cass  County. 


(** 
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EUOMPHALUS. 


\ 


A.     Surface  marked  by  revolving  plications.  E.  sampsoni. 

A  A.     Surface  not  marked  by  revolving  plications. 

b.     Apex  elevated  above  the  plane  of  the  outer  volution. 

E.  (JStraparoUiu<)  eiiguus  n.  sp. 
bb.     Apex  not  elevated  above  the  plane  of  the  outer  volution. 

E,  planodiMiitt, 

Euamphalus  planoditicu^  Hall. 

E.  planodiscus  Hall,  Pal.  X.  Y.,  Vol:  V,  Pt.  II,  1879,  p.  57,  PI.  16, 

figs.  1-4. 

Au  imperfect  specimen  in  tlie  collection  is  referred  with  some 
doubt  to  this  species.  The  apex  of  the  spire  is  depressed  below  the 
plane  of  the  outer  volution;  volutions  four;  periphery  rounded,  upper 
surface  of  outer  volution  slightly  depressed;  volutions  slender,  barely 
contiguous.  Surface  markings  not  well  preserved.  Diameter  one 
and  one-tenth  inches. 

Formation  and  locality. 

Jeirersonville  limestone;  Bunker  Ilill. 

Euomphnlus  (StrapajoHiof)  exiguvx  n.  sp. 

PI.  XXI.  fig.  8. 

Shell  small,  discoid,  spire  dei)ressed.  Volutions  about  four, 
rounded  contiguous  except  the  first  and  second,  which  are  sometimes 
separated  for  a  short  distance  by  a  slight  space.  Gradually  enlarging 
from  the  apex,  which  is  elevated  a  little  above  the  plane  of  ihe  outer 
volution.  Unibilicns  bmad.  Snrfjice  coiu-cntricallv  striated  bv  very 
fine  striae. 

Fnrihaiion  niul  local  ill/. 

Jcll'rrsonN  il]».'  liiiirstonc:  Il(»|u''  and  Xcwbern. 

Euomphuluii  mm}>}t()ni    Nettleroth. 

S.  sjinipsoni  Xett.,,  Ky.  Foss.  Shells,  1889,  p.  181>,  V\.  21,  figs.  3-1. 

\('flJcr(i(]i\<;  original  dvsr.ripiion.— ^^^ho'W  discoid,  but  generally  by 
apical  decollation  n^eiving  the  shape  of  a  horn;  both  sides  consider- 
ably concavi^;  the  ]>eri])h('ry  broadly  convex.  Xum])er  of  volutions 
unknown,  probably  only  hvo.  The  outer  volution  rapidly  increasing 
in  size;  its  cross  section  near  ihe  apex  circular,  near  the  aperture  oval. 
'i'he  surfac-e  is  ornamentcMl  bv  froin  twentv-five  to  thirty  stronsr 
simple  ])lications.  cacli  of  which  extends  over  the  whole  length  of 
the  outer  or  last  volution,  and  may  probably  reach  back  to  the  apex. 
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Those  plications  increase  in  strength  from  apex  to  the  aperture; 
their  interspaces  are  also  gradually  widening  in  their  course  toward 
the  front;  they  are  of  unequal  width;  some  are  of  four  times  and 
others  of  double  the  size  of  the  adjacent  ribs.  My  specimens  being 
internal  casts  completely  silicified  into  hornstono,  no  other  surface 
markings  are  retained. 

"Form  and  size  of  the  aperture  unknown." 

This  species  is  known  only  by  the  types. 

Format  lov  arid  local  Hi/. 

»• 

S('l]ersl)urfr  beds;  Watsrm. 


Capului<  rai<.^f'ni*l'<  u.  sj). 
PI.  XVI,  fi?   11. 

iShell  >iuall,  subconic-al.  nearlv  cF'-ct,  ibc  a])c'\  iiu-liiicd  sliLditlv 
backwards:  aperture  ovate,  its  lcii;::ih  jhhI  the  ht-i^ht  of  the  shell 
are  in  the  ratio  of  three  to  four.  Thu  surfacti  is  marked  bv  verv  fine 
concentric  striae  and  by  distinct  regular  lamellae  wliich  la])  upwards, 
the  exposed  margin  of  each  beiii^^  on  the  upper  side  instead  of  the 
lower,  as  in  ordinary  lamellae.  The  lauufllae  and  striae  bend  verv 
slightly  uj)ward  in  crossing  the  front  side  of  the  shell  and  arch  rather 
abruptly  downwards  in  crossing  the  posterior  side.  There  appear  to 
be  faint  traces  of  radiating  striae  over  a  part  of  thr  surface. 

The  peculiar  regular  lamellae  seem  to  distinguish  the  shell  from 
any  other  sper-ies.  The  specimen  figured  measun?s  in  height  21/50 
of  an  inch;  the  diameters  of  the  a]>ertiire  are  ir)/.%0  and  ^2  M)  of  an 
inch  respectively.  Two  other  specimens  iiH'asure  respectively  11/50 
and  l.Vr>0  of  an  inch  in  height. 

Only  three  specimens  have  been  observed. 

Formntiim   'iml  local ihj, 

Jrir»'rsonvilb*  lime-t(>ne;  Pipe  (.'reek  Falls.  Cass  County. 


PLATYCERA.H. 

A.  Shell  with  spines. 

h.  Spines  in  a  sin^jle  line  along  the  dursum.  /-*.  h'atchh.ifi. 

bh.  Spines  not  contineii  to  the  dorsum, 
c.  Sliell  large. 

(1.  Shell  eloncrate  with  loosely  coiled  spire.  P.  milhri. 

dii.  Shell  not  elongate  without  loosoly  t'oiled  t^pire. 

(P.   Form  erect.  P.  itunnh^um  var.  piUmn. 

d(P.  Form  usually  depressed. 
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e.  Having  few  spines. 

f.  Body  volutions  greatly  expanded. 

P.  foniicafum, 
ft.  Body  volution  not  greatly  expanded. 
P.  dumoaum  var.  rarUpinum, 
ee.  Having  numerous  spines. 

g.  Shell  very  large,  greatly  de- 
pressed, expanding  rapidly. 
Spines  very  numerous. 

P.  ntultiapinoHum. 

gg.  Shell    of    moderate    size,     not 

greatly  depressed,  with  from 

16  to  100  spines.  P.  dum&stim, 

cc.  Shell  small  or  of  medium  size. 

h.  Posterior    margin     of 
peristome    contigu- 
ous to  the  preceding 
volution. 
P.  rieium  var.  apinoaa, 
hh.  Posterior    margin    of 
peristome  distant 
from  preceding  vo- 
lution. P.  e'chinatum, 
A  A.  Shell  without  spines. 

i.  Dorsum  serrated.  *   P.  indvanenniB, 

ii.  Dorsum  not  serrated. 

j.  Body  volution  entirely  straight,  shell  nearly  perfectly  conical.    P.  conicum, 
jj.  Body  volution  not  entirely  straight,  shell  not  perfectly  conical. 

k.  Dorsum  sharply  angular  or  with  a  carina.  P.  carinatnm. 

kk.  Dorsum  without  a  carina,  not  sharply  angular. 
1.  Body  volution  greatly  compressed  laterally. 

ni.  Apex  apparently  incurved.  I\  jiuctuosom, 

mm.  Apex  closely  enrolled. 

n.  Peristome  strongly  serrated  P.  aerratum. 

nn.  Peristome  not  serrated.  P.  arctia^toina, 

11.  Body  volution  not  greatly  depressed  laterally. 

o.  Shell  al)Ove  the  body  whorl  abruptly  contracted,  apical  whorl 

very  slender.  P.  attenuafum. 

00.  Shell  not  abruptly  contracted  above  the  body  whorl,  apical 

whorl  nut  verv  slender. 

p.  Shell  bilaterally  symmetrical  or  nearly  so.     P.  Aymmetricnm. 

pp.  Shell  bilaterally  symmetrical. 

<j.   Body  whorl  very  ventricose  or  aperture  greatly  expanded. 
r.   Body  volution  generally  contiguous  to  preceding  volu- 
tion. 
8.  Surfa<e  of  botly  whorl  with  two  or  three  rounded  pli- 
cations. P.  buceulentnm. 
89.  Surface  of  bo<ly  whorl  usually  without  plications. 

P.  ventrieo.<uvt. 
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rr.  Body  volution  not  contiguous  to  preceding  volution. 

t.  Body  volution  with  an  oblique  angular  ridge  on  the 
left  side.  P.  ricium, 

tt.  Body    volution   with    several    strong    longitudinal 
folds.  P.  craissum, 

qq.  Body  whorl  not  very  ventricoee,  aperture  not  greatly  ex- 
panded. 

u.  Peristome  deeply  sinuous.       P.  quinquiainuatum, 
uu.  Peristome  deeply  sinuous. 

V.  Shell  arcuate  from  the  base,  usually  with  folds 
or  plications  on  the  right.  P.  thetis, 

vv.  Shell  erect  and  subarcuate,  usually  without 
folds  or  plications  on  the  right  side. 

P.  erectum. 

Platycerus  conicum  Hall. 

PI.  XVIII,  figs.  2. 2a.  2b. 

P.  ( Orthon ychia)  conicum  Hall,  Pal.  X.  Y.,  Vol.  V,  Pt.  II,  1879, 
p.  3,  PI.  1,  figs.  13-23. 

HalVs  description. — "Shell  erect,  conical,  the  minute  apex  closely 
incurved.  Body  volution  entirely  straight,  with  broad  undefined 
longitudinal  ridges  and  depressions,  which  become  more  distinct 
toward  the  aperture;  height  of  the  shell  a  little  greater  than  the 
width  of  the  aperture,  which  is  a  little  longer  than  wide.  Surface 
marked  by  concentric  undulating  striae  which  become  sublamellose 
toward  the  aperture  and  are  sometimes  closely  crowded  and  wrinkled 
with  numerous  knots  and  nodes.  Peristome  deeply  sinuous;  the  width 
from  the  anterior  to  the  posterior  side  a  little  greater  than  the  trans- 
verse diameter.  The  length  of  the  shell  is  one  inch  and  a  half  or 
more,  with  the  aperture  a  little  less." 

This  is  a  common  species  in  both  northern  and  southern  Indiana. 
The  figures  illustrate  the  principal  types  of  this  shell  as  it  is  found 
in  the  Indiana  Devonian. 

Formal  ion  and  locality. 

Sellcrsburg  beds  and  Jefferson ville  limestone;  Pipe  Creek  Falls, 
Little  Eock  Creek,  Cass  County,  Charlestown  and  Falls  of  the  Ohio. 

Platyceras  carinatum  Hall. 

Pl.XVIIl,  fiffs  5,6.7. 

p.  carinatum  Hall,  Pal.  X.  Y.,  Vol.  V,  Pt.  II,  1879,  p.  5,  PI.  2. 
figs.  12-29. 

ffalVs  description. — "Shell  obliquely  subconical  or  subpyramidal: 
the  inirlcLis  or  apex  minute,  and  making  from  one  to  one  and  a  half 
volutions  which  are  vertically  compressed,  and  below  which  the  body 

46-Geol. 
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volution  is  abruptly  expanded;  the  dorsum  angular  or  marked  by 
an  angular  carina  which  often  becomes  double  in  old  shells,  or  is 
rounded  on  the  summit.  This  angularity  or  carina  indicates,  by 
direction  of  the  striae,  the  existence  of  a  sinus  in  the  peristome  from 
an  early  period  of  growth;  and  sometimes  there  may  have  been 
two  of  such  sinuosities  close  together,  giving  the  double  carina. 
There  is  usually  a  depression  along  one  or  both  sides  of  the  carina, 
with  longitudinal  folds  (obscure  plications)  on  one  or  both  sides, 
which  become  more  strongly  developed  toward  the  aperture,  and  are 
very  conspicuous  in  old  shells;  the  right  side  is  more  expanded  than 
the  left,  and  in  some  well  preserved  specimens  is  nearly  twice  as  wide. 
Aperture  very  oblique,  rhomboidal  or  subtriangular,  and  the  peri- 
stome sinuous. 

^'Surface  marked  by  fine,  closely  arranged,  undulating  striae  of 
growth,  which  are  not  lamellose.'' 

The  figures  illustrate  the  two  principal  types  of  shells  which  are 
referred  to  this  species,  those  with  a  carina  and  those  with  an  angular 
dorsum. 

This  is  not  a  very  common  species. 

Formation  and  locality. 

Sellersburg  beds  and  JefFersonville  limestone;  Pipe  Creek  Falls 
and  Charlestown. 

Platycera.*  dumosum  Conrad. 

Pl.XVll.fif?  1. 

P.  dumosum  Hall,  Pnl.  X.  V.,  Vol.  V,  V\.  H,  ISTl),  p.  U,  PI.  5,  figs. 
Il-IG:  PI.  (),  %.  1. 

TJalVs  description. — '^Slicll  snl)Ovoi(],  arcuate,  extremely  vontricose 
when  full  grown;  the  leii^^ili  from  the  a|)OX  to  the  anterior  margin 
of  the  a}>erture  greater  than  the  hoiglir.  Apex  minute,  closely  en- 
rolk'd  for  a  single  volution  or  iiioro,  wliun  the  body  volution  becomes 
frre  and  rapidly  expanded,  sprt^uling  inorL*  upon  the  right  side,  which 
is  soiiK'tiintifS  (k'[)res.'.tMl-('onvL'\,  while  the  left  side  is  more  abruptly 
rouiid(Ml.  The  aprrturt?  is  sul)rlioiii].K)id-ovate,  with  the  peristome 
making  a  sinus  on  ihe  left  side,  the  posterior  margin  widely  sep- 
arated from  tli«'  })i"e<-eding  volution. 

•'Surface  marked  by  strong  conccntrie  striae  which  are  interrupted 
and  irregular  from  the  numerous  nodes  proj<H-ting  from  the  shell, 
and  extended  into  long  tubular  spines.'' 

This  is  not  a  common  speeies. 

Forfnation  and  locality. 

S«'lK-r^l)urtr  beds:  Falls  of  the  Ohio  and  ( "harlestown. 
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Platyceraa  dumosnm  var.  pileitm  n.  var. 

Pl.XVII.fi|t.2. 

Shell  largo,  orect,  body  volution  vory  ventricosc,  aperture  circular, 
lip  not  sinuous.  Surface  marked  by  strong  concentric  striae,  and 
thickly  covered  by  tubular  spines,  somewhat  regularly  arranged  in 
diagonal  rows. 

The  spines  are  very  much  smaller  and  more  numerous  than  in 
avergi;  spfcimens  of  P.  dunio^iiini;  in  this  respect  it  resembles  P.  mul- 
tispinosuw,  but  it  is  much  more  orect  than  either  of  these  species 
and  seems  to  be  a  w^oll  marked  \arieiv. 

Formal  ion  and  locality, 

JefFersouville  limestone;  Kails  of  the  Ohio. 

Platycera^i  imdtUjjinobum  Meek, 
ri.  .Wii.fijf.:^. 

r.  mnlti<])inosum  Meek.  Pal.  Ohio,  Vol.  1,  18T3,  p.  210,  PI.  ".^O, 
fig.  7a,  b. 

This  species  differs  from  P.  durno.wni  according  to  Meek  *'not  only 
in  its  much  larger  size,  more  oblique,  depressed,  and  more  rapidly 
€xpan<Hng  form,  but  in  having  much  more  numerous  spines." 

I  have  seen  but  one  specimen  of  this  species,  which  is  here  figured. 

Formation  and  locality, 

JcIlVrsonville  limestone;  l''alls  of  the  Ohio. 

Platyo^rraa  diimosuin  var.  rari^jdnnm  Hall. 

lM.XVII,fijf.4. 

r.  (liiiiHHum  var.  rarispinurn  Hall.  Pal.  X.  Y.,  Vol.  V,  Pt.  II,  1873, 
p.  in,  PI.  .3,  figs.  5-7,  10. 

This  variety  is  characterized  by  having  a  smaller  size,  less  ventri- 
cose  slu^ll  and  fewer  spines  than  P.  dumosinn. 

Mr.  (Iroon's  collection  contains  two  specimens  which  T  refer  to 
this  variety.  The  largest  of  those  has  a  height  of  1J  inches;  the 
diameter  of  the  aperture  a]>out  equals  the  height:  the  ay>erture  is 
nearlv  circular  in  outline  and  is  somewhat  sinuous  in  frrwit.  The 
surface  is  coverod  by  coarse  wrinkled  striae  and  appears  to  have  had 
only  about  fniir  or  five  spines. 

Fnrfn'i/iiifi  mid  I  or  alii  y. 

Sollersburg  beds(?);  Charlestown  and  Falls  of  the  Ohio. 
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Platyceras  milleri  Nettleroth. 

P.  milleri  Nett.,  Ky.  Fobs.  Shells,  1889,  p.  165,  PI.  25,  fig.  1. 

One  specimen  in  Mr.  Green's  collection  is  referred  to  this  species. 

The  apical  volution  is  broken  away.  Upper  portion  of  the  shell 
spirally  twisted  to  the  left;  shell  enlarging  gradually.  Surface 
marked  by  fine  concentric  striae  which  are  crowded  into  wrinkles  on 
the  anterior  side;  tubular  spines  are  distributed  over  the  surface, 
but  not  so  -abundantly  as  in  the  specimen  figured  by  Nettleroth. 
The  greater  part  of  these  are  confined  to  the  dorsal  part.  Aperture 
somewhat  compressed  laterally. 

Formation  and  locality. 

Sellcrsburg  beds;  Charlestown. 

Platyceras  thetis  Hall. 

PI.  XIX.  fiKS.  1,  la;  XVIII,  fiffs.  8.  8iv.  9. 

P.  thetis  Hall,  Pal.  N.  Y.,  Vol.  V,  Ft.  II,  1879,  PI.  3,  figs.  11-16. 

Hall's  description, — "Shell  obliquely  arcuate  from  the  base,  with 
the  apex  incurved,  the  nucleus  making  barely  more  than  a  single 
minute  volution;  gradually  expanding  from  the  apex  to  near  the 
aperture,  which  is  sometimes  more  abruptly  spreading.  The  back  of 
the  body  whorl  is  prominent,  and  a  little  flattened  on  the  left  side; 
while  the  right  side  from  one-third  to  one-half  the  length  is  some- 
times marked  by  two  or  three  longitudinal  folds,  and  often  by  more 
numerous,  finer  plications.  Aperture  a  little  oblique,  nearly  round  or 
subquadrangular,  with  the  ])cristonie  sinuous. 

^"'Surface  marked  by  fine,  r-losely  arranged  lamellose  striae,  which 
are  abruptly  undulated  on  all  parts  of  the  body  of  the  shell.'' 

Two  of  the  specimens  here  figured  represent  extreme  types  of  the 
shell:  one  is  lon/x,  slender  and  gently  arcuate;  the  second  is  short  and 
abruptly  curved:  in  the  latter  specimen  the  apex  is  incurved  in  the 
same  plane  as  the  body  wliorl,  and  rrsonibles  in  this  respect  P.  syni- 
lucivirum,  but  has  not  the  extended  body  whorl  of  this  species. 

The  third  s])ccimcn  is  referrr»d  with  considerable  doubt  to  this 
s])ccics.  A  slight  fold  marked  by  the  upward  arching  striae  occupies 
the  dorsum  and  terniinaics  in  a  well  marked  sinus  in  the  peristome. 

Foniinfion  and  local  it  y. 

Sclh-rsburir  beds:  Charlestown. 
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Platyceras  ap. 

PI.  XIX.  fig.  8. 

Shell  arcuate  from  the  base.  Apex  closely  incurved  for  about  one 
volution,  t\visted  a  little  to  the  right,  gradually  enlarging  to  the 
aperture.  Below  the  apical  whorl,  which  is  gently  convex,  the  shell 
is  marked  by  four  strong  longitudinal  plications,  which  give  the  body 
volution  a  roughly  quadrilateral  shape.  These  longitudinal  folds  are 
separated  by  wide,  shallow  depressions. 

Surface  marked  by  lamellose  striae.  • 

I  have  not  been  able  to  ^identify  this  shell  with  any  of  the  de- 
scribed forms.  It  may  be  compared  with  P.  thetis  and  may  possibly 
be  a  variety  of  that  species. 

.Format ion  and  locality. 

JelTersonville  limestone;  Charlestown. 

Platyceras  forn  icatmn  Hal  1 . 

P.  fornicatum  Hall,  Pal.  N.  Y.,  Vol.  Y,  Pt.  II,  1879,  p.  11,  PI.  4, 
figs.  1-5,  7-8,  18-20;  PI.  5,  figs.  8,  9,  (?). 

HalVs  description, — "Shell  obliquely  subhemispherical,  or  very  de- 
pressed, obliquely  subconical.  Apex  minute,  distinct,  spirally  enrolled 
for  about  one  turn  and  a  half,  below  which  it  expands,  so  that  in  the 
extent  of  an  inch  and  a  half  along  the  dorsum  to  the  front  it  has 
acquired  an  aperture  of  about  an  inch  and  a  half  in  diameter  in  both 
directions.  The  upper  side  of  the  spire  for  the  first  volution  and  the 
following  half  is  flattened;  the  angle  continuing  into  the  broad  expan- 
sion of  the  body  whorl,  and  dying  out  before  reaching  the  margin,  as 
shown  in  figs.  1-5.  Aperture  nearly  round  or  round  ovate;  peristome 
scarcely  sinuous,  except  at  the  posterio-lateral  margin. 

^'Surface  marked  by  fine  concentric  striae,  with  a  few  strong  spines 
upon  the  body  volution." 

Hall  includes  this  species  in  his  list*  of  Devonian  fossils  from  the 
Falls  of  the  Ohio.    I  have  not  seen  it. 

Platyceras  bticcidentum  Hall. 

PI.  XIX.  figs.  ;i.  3a.  3b.  4,4a. 

P.  bueculentum  Hall,  Pal.  X.  Y.,  A^ol.  V,  Pt.  II,  1879,  p.  10,  PI.  3, 
figs.  7,  26-20. 

Hairs  description. — '^Shell' ventricose,  obliquely  subovoid.  Apex 
extremely  attenuate,  the  spire  making  one  or  two  closely  enrolled 

«24th  Ann.  Rep.  N.  Y.  State  Mus.  Nat.  Hist..  1870  p.  200. 
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volutious,  with  a  gently  enlarging  diameter,  and  below  this  abruptly 
expanding  and  becoming  very  ventricose  in  the  middle  and  lower 
part;  spreading  more  upon  the  right  side  than  on  the  left;  the  shell 
near  the  posterior  side  swells  out  into  a  distinct  pouch-like  projection 
with  two  or  three  rounded  folds  or  semiplications,  which  give  a 
deeply  sinuous  outline  to  the  margin.  Aperture  subovate,  and  sinu- 
ate on  the  right  posterior  side.  Peristome  sinuous,  and  on  the  pos- 
terior side  spreading  partially  over  the  preceding  volution. 

"Surface  marked  by  fine,  closely  arranged  concentric  striae  which 
are.  undulated  toward  the  margin  of  the  aperture,  and  sometimes 
over  the  greater  part  of  the  sxirface,  the  irregularity  having  com- 
menced  during  the  earlier  stages  of  growth.  In  well  preserved  speci- 
mens there  are  revolving  striae  or  fascicles,  rising  in  little  bands  of 
obsolescent  striae,  giving  a  waved  aspect  to  the  surface." 

Some  of  the  specimens  which  I  have  referred  to  this  species  are 
greatly  depressed,  and  with  their  lateral  expansion  present  a  sub- 
triangular  outline  viewed  from  above.  In  each  of  the  specimens 
figured  the  shell  has  been  more  or  less  broken  away  about  the  aper- 
ture. Other  specimens  which  preserve  this  part  of  the  slieil  show  a 
strongly  sinuous  peristome.  The  "two  or  three  rounded  folds^^  on 
the  posterior  side  mentioned  by  Hall  are  generally  wanting  in  my 
specimens,  but  the  greatly  expanded  and  ventricose  body  volution 
seems  to  place  them  with  this  species.  One  or  two  specimens  show 
traces  of  revolvins^  striae. 

Furnhiiiofi  and  localihj. 

SeH<*rsl)ur«j^  bcrls  and  JefTersmivlllo  limestone;  Charlestown  and 
Kent. 

Plati/cerns  symiiittneum  Hall. 
P.  >vinnit'triciiin  Hall,  Pal.  X.  Y.,  Vol.  V,  Pt.  H,  18i9.  p.  1),  PL  3, 

figs.  1  :-•>.-). 

] fall's  (Irsrrlption. — '""'Shi'll  elongate,  subovoid,  arcuate,  incurved 
nearly  in  tlie  same  [)lane:  nucleus  minute,  the  s])ire  making  about  one 
v(»hui()n  or  one  and  a  half,  when  the  body  whorl  becomes  free  and 
rapidly,  or  somewhat  abruptly,  expanded;  spreading  about  equally 
on  the  two  sid(»s  of  the  dorsum,  which  is  more  prominent  and  some- 
times mark(Ml  l.)y  a  ridge.  Aperture  oldique,  suhquadrate  or  rhom- 
hoidah  margin  of  ihe  peristome  sinuate,  and  on  the  posterior  side 
distant  from  ihe  spire. 

"'Surface  marked  hy  concentric  undulating  striae,  and  longitudi- 
nally by  obscure  interrupted  ridges,  which  on  some  parts  of  the  older 
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shells  become  regular  and  uniform,  with  a  narrow  groove  between/' 
The  specimens  which  I  have  referred  to  this  species  show  very 
slight  traces  of  longitudinal  ridges  and  have  the  surface  nearly 
smooth  except  for  concentric  striae.  They  are  characterized  by  their 
bilateral  symmetry,  having  the  apex  in  nearly  the  same  vertical  plane 
as  the  dorsum. 

Formation  and  locality. 

Sellersburg  ]jods;  Charlestown. 

PUiiyceraa  indianenm  ^liller  and  Gurley. 
Pl.MX.fisri*  9.ya. 

V,  indianensis  ^[.  &'  G.,  Bull.  111.  State  Mus.  Nat.  Hist.  No.  12, 
189r,  p.  48,  PI.  4,  figs.  7-10. 

Miller  and  Gurlei/s  original  description. — **Spccies  rather  large. 
The  back  of  the  body  whorl  from  the  apex  to  the  aperture  is  shari)ly 
angular  and  strongly  serrated.  Toward  the  apex  the  shell  is  laterally 
compressed,  but  it  expands  laterally  toward  the  aperture.  The  apux 
is  sharply  })ointcd.  The  shell  makes  about  one  volution,  in  nearly 
the  same  jjlane,  when  the  apex  comes  in  contact  with  the  rajndly 
spreading  body  whorl.  The  aperture  is  compressed  subelliptical,  in 
outline,  in  the  specimen  illustrated  by  figure  9,  with  a  moderately 
deep  sinus  at  the  angular  back  of  the  body  whorl.  And  the  shell 
substance  is  thin,  which  indicates,  probably,  a  young  shell,  or,  it  may 
be,  the  apical  end  of  a  mature  specimen. 

^'Figure  10  repri'sents  a  mature  specimen.  It  is  much  extended 
upon  the  back  of  the  body  whorl  and  the  shell  gradually  becomes 
thicker,  but  the  aperture  below  the  beak  remains  in  the  same  position 
that  it  is  in  the  specimen  shown  in  figure  8.  The  aperture  increases 
its  length,  and  by  reason  of  the  lateral  ex])ansion  of  the  shell  with 
the  ;rrowth,  it  retains  a  compressed  sul^elliptical  outline,  but  acquires 
a  dec]),  sharply  angular  sinus  at  the  back  of  the  shell. 

"The  surface  is  marked  by  cojicentric  undulating  striae,  that  be- 
come more  and  more  pronounced  toward  tlie  aperture.  They  are  not 
shown  in  the  illustrations.'' 

'J'lip  spt'cinu'U  here  figured  is  ret'i-rrcd  to  this  species  with  some 
doubt. 

The  angular  back  is  surmounted  by  a  snuiU.  sharp  carina  which  ap- 
pears to  be  sonit'what  serrated.  The  removal  of  the  s]H»cinu'n  from 
the  limostonc  has  left  tliis  fr-aturt*  indistinct.  The  figures  fail  to 
show  the  somewhat  distinct  siTration  which  is  noticeable  near  the 
aperture.    This  shell  has  certainly  not  been  as  strongly  serrated  alon^r 
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the  dorsum  as  the  typical  specimens  of  P.  indiajiensis  and  is  regarded 
as  a  variety  of  that  species. 

P.  indianensis  is  not  uncommon  in  southern  Indiana.    Mr.  Green's 
collections  from  Charlestown  contain  five  or  six  typical  specimens. 

Formation  and  locality. 

Sellersburg  beds  and  Jeffersonville  limestone;  Little  Bock  Creek, 
Cass  County,  and  Charlestown. 

Platyceras  (Orthonychid)  attennatum  Hall. 

PI.  XIX.  fig.  6. 

P.  (Orthonychia)  attenuatum  Hall,  Pal.  N".  Y.,  Vol.  V,  Pt.  II,  1879, 
p.  6,  PI.  3,  figs.  1-6.   ■ 

HalVs  description. — "Shell  elongate-ovate  or  conically  subovate 
with  a  slender  apex,  the  nucleus  making  about  one  volution  or  one 
and  a  half,  below  which  the  body  whorl  becomes  rather  abruptly 
inflated,  and  thence  gradually  expands  to  the  aperture,  which  is 
very  oblique — the  anterior  side  of  the  peristome  being  much  more 
extended. 

"Surface  marked  by  crowded,  undulating  concentric  striae  and 
longitudinal,  irregular  and  undefined  folds,  which  vary  greatly  in 
different  specimens;  the  latter  becoming  more  distinctly  marked  as 
plications  near  the  aperture.  Peristome  sinuous,  with  numerous 
indentations  corresponding  to  the  folds  upon  the  surface." 

The  specimen  here  figured  docs  not  preserve  any  of  the  original 
surface  markings.  The  small  circular  spots  shown  by  the  figure  indi- 
cate a  peculiar  structure  developed  during  the  silicifieation  of  the 
specimen.  Two  or  three  faint  undefined  plications  are  noticeable 
on  the  sides.  A  rather  deep  sinus  marks  the  posterior  side  of  the 
peristome. 

Formation  and  localitij. 

Sellersburcj  bods:  Charlestown. 

Pl(ttycera»  erectnm  \\\\\\'{ 
Pi.xrx,  flg.7. 

P.  erednm  IJall,  Pal.  X.  Y.,  Vol.  V,  Pt.  IT,  ISTO.  p.  o.  PL  11, 
ligs.  1-11. 

Shell  obliqiioly  areiiat<',  ap<'X  minute,  r'lo>L'ly  enrolled  for  one  volu- 
tion, Ix.'voiid  which  the  shell  rapidly  expands  to  the  middle  of  the 
body  volution,   where   it  attains   its   niaxiniuni    diameter.      Surface 
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marked  bv  concentric  striae  which  are  somewhat  lamellose  near  the 
aperture.    A  faintly  defined  fold  marks  the  dorsum. 

One  specimen  is  referred  to  this  species  with  some  doubt. 

Formaiion  and  locality, 

Sellcrsburg  beds:  Charlestown. 

Platycerca  rictum  Hall. 

P.  rictum  Hall,,  Pal.  X.  Y.,  Vol.  V,  Pt.  II,  1879,  p.  13,  PI.  4,  figs. 
6.  12-i:. 

P.  ricium  Xettleroth.  Ky.  Foss.  Shells,  1889,  p.  166. 

Xettlcroth  records  tliis  species.  I  have  not  seen  any  specimens 
that  could  be  referred  with  certainty  to  it. 

Formation  and  locality. 

"Curniferous  limestone'"'  (Jefl'ersonville  limestone?);  Clark  County. 

Plaiyceras  rictum  var.  spinosa  n.  var. 

Pl.XVil.  fig8.5.5a,5b  5c. 

Shell  much  depressed,  strongly  arcuate;  apex  minute;  spire  closely 
and  obliquely  enrolled  about  one  and  a  half  turns,  when  it  abruptly 
expands,  forming  the  large  ventricose,  closely  enrolled  body  volution. 
Shell  either  sharply  or  gently  rounded  along  the  dorsal  line  of  the 
body  volution,  with  an  oblique  form  inclining  to  the  left.  Peristome 
reflected  in  front,  almost  in  contact  with  the  spire.  Surface  marked 
by  undulating  concentric  striae  and  irregularly  arranged  tubular 
spines:  the  spines  vary  in  number  from  three  or  four  up  to  fifteen 
or  twenty.  This  form  differs  from  P.  rictum  in  its  less  angular  or 
rounded  dorsum,  and  in  having  the  surface  marked  by  spines.  Mr. 
Green's  collection  contains  several  specimens  of  this  shell;  all  of  them 
have  the  aperture  partially  broken  away  so  that  they  do  not  permit 
of  a  perfectly  satisfactory  comparison  with  P.  rictum. 

Form  a  lion  and  locality. 

Sellcrsburg  beds:  Charlestown. 

Plaiyceras  ammon  Hall. 

P.  ammon  Hall,  Pal.  N.  Y.,  A'ol.  A',  Pt.  II,  1879,  p.  20,  PI.  8, 
figs.  MO. 

This  species  is  listed  in  the  State  Museum  catalogue  of  Fossils 
(Kith  Ann.  IJop.  Ind.  Dept.  Gcol.  and  Xat.  Hist.,  p.  409).  Tlie  speci- 
men tluTc  referred  to  is  too  poorly  preserved  to  admit  of  a  satisfac- 
tory identification.  I  have  not  recognized  this  species  in  my  collec- 
tion. 
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Platyceras  crassiim  Hall? 

P.  crassum  Hall,  Pal.  X.  Y.,  Vol.  V,  Pt.  II,  1879,  p.  18,  PI.  7, 
figs.  6-10. 

I  have  seen  no  specimens  that  can  be  certainly  referred  to  this 
species.  A  few  specimens  which  are  not  now  accessible,  were  doubt- 
fully referred  to  this  species  in  a  previous  paper.* 

Platyceras  comp'essum  Nettleroth. 

P.  compressum  Nettleroth,  Ky.  Foss.  Shells,  1889,  p.  162,  PL  25, 
figs.  8-10. 

NettJerofh's  original  description. — ^'Shell  of  medium  size  or  below 
it;  very  compressed  in  a  lateral  direction.  Apex  closely  enrolled  for 
one  and  a  half  volutions,  which  increase  in  size  very  gently;  after  this 
the  body  whorl,  measuring  a  little  more  than  a  half  volution,  expands 
rapidly  in  the  post-anterior  direction,  while  its  lateral  extension 
remains  almost  the  same  throughout  the  whole  length  of  the  body 
volution.  The  right  side  of  the  shell  is  moderately  convex  in  the 
apical  half,  but  becomes  concave  in  the  lower  half,  the  center  line 
of  the  concavity  running  at  right  angles  to  the  peristome.  The  left 
side  is  throughout  concave,  but  the  center  line  of  the  concavity  is 
parallel  to  the  peristome,  or  at  least  nearly  so.  The  aperture  is  ver\' 
elongate  and  narrow,  and  expands  more  or  less  at  the  posterior  end 
of  its  right  sifle.  The  surface  is  marked  by  five  concentric  lamellose 
striae,  which  are  closely  arranged.  os])ecia]ly  in  the  lower  half,  and 
by  soTnewhat  obscure,  shallow,  radiating  ])licatioiis,  only  noticed  in 
the  lower  part. 

"A  smaller  s})ecimen,  of  about  half  llio  size  of  the  one  illustrated, 
does  not  show  any  indication  of  those  plications.'' 

Fui-vuilion   and  loraJih/. 

"CorTiiferniis  liinestoiK^*'  (Jefl'er^onvillo  liinestone?);  Falls  of  the 
Ohio. 

Platyceraji  comprei<.<vin  var. 

PI.  XIX.  fiK:..L',2a. 

Shell  ohli(|Ut'Iy  arcuate,  and  laterally  compressed.  Apex  minute, 
(.losely  enrolled  for  one  and  a  half  volutions,  which  gradually  in- 
crease in  size.  The  hody  volution  expands  rapidly  in  the  anterior 
and  posterior  direction,  but  beyond  the  apioal  whorls,  which  are 
moderately  convex  on  the  sides,  the  shell  develops  a  wide  sinus  on 

•'  BuU.  Amcr.  Pal.  No.  12,  isw  p.  7^. 
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the  right  side  which  deepens  gradually  toward  the  aperture;  the  left 
side  is  slightly  convex  or  nearly  flat  to  within  a  short  distance  of  the 
aperture,  where  a  shallow  sinus  is  developed  corresponding  in  posi- 
tion to  the  one  on  the  opposite  side.  The  dorsum  is  sharply  rounded. 
Aperture  contracted  anterior  to  the  lateral  sinus  and  expande<l  at 
the  posterior  end.  The  peristome  on  the  left  side  near  the  posterior 
margin  is  bent  in;  but  this  probably  is  abnormal.  Surface  marked  by 
fine  concentric  somewhat  wrinkled  striae. 

This  shell  appears  to  be  closely  related  to  P.  compressutn  Xettlc- 
roth,  but  does  not  have  the  left  side  concave  throughout  as  in  that 
species;  the  post-anterior  width  of  the  body  whorl  is  proportionally 
much  less  in  this  form  than  it  is  in  P.  compressum.  The  enormous 
variation  to  which  shells  of  this  genus  are  subject,  however,  serves 
scarcely  to  justify  recognizing  a  new  species  in  this  form  without 
direct  comparison  with  the  type  of  P.  compressum,  so  that  it  is  here 
regarded  only  as  a  variety  of  that  species. 

Formation  and  locality, 

Sellcrsbnrg  beds;  Charlestown. 

Platyceras  venirico;^nm  Conrad. 

P.  vcntricosum  Meek,  111.  Geol.  Eep.,  Vol.  Ill,  1898,  p.  441,  PL  2, 
figs.  4a,  b. 

P.  vcntricosum  Nettleroth,  Ky.  Foss.  Shells,  1889,  p.  1G8,  PI.  2."), 
fig.  10. 

This  species  has  been  reported  from  the  Indiana  Devonian  bv  Xct- 
tleroth.    I  have  not  seen  it. 

Formation  and  locality. 

"Corniferous  limestone*^  (JefTorsonville  limestone);  Clark  County. 

Platyceras  echinatum  Mall. 

P.  echinaluni  Hall,  Pal.  X.  Y.,  Vol.  V,  Pt.  TI,  1879,  PI.  3,  fiffs.  1-L 
P.  echinatum  Xettleroth,  Ky.  Foss.  Shells,  1889,  p.  1G4,  PI.  33, 
fig.  21. 

II all's  description. — "Shell  small,  obliquely  subovoid.  Apex  closely 
incurved  for  about  one  volution  or  one  and  a  half;  the  l)odv  whorl 
from  one  half  to  one  volution  is  ventricose,  rapidly  expand in<r  Troni 
the  first,  giving  an  obliquely  conical  form.  Aperture  nearly  circnlar 
or  broad  oval:  peristome  sinuate,  tlie  lines  of  growth  and  fine  striae 
conforjuinir  in  direction  to  the  outline  of  the  margin.  l{oniains  of 
revolving  striae  are  sometimes  traceable,  when  thn  shell  is  not  e\f«»li- 
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ated.  Besides  the  concentric  and  less  conspicuous  revolving  striae, 
the  surface  is  studded  with  numerous  nodes  and  small  spines,  the 
latter  preserved  only  where  the  shell  has  been  embedded  in  the  soft 
shale,  and  quite  separable  from  the  rock;  when  embedded  in  lime- 
stone, the  spines  and  exterior  shell  are  removed  with  the  matrix." 

Nettleroth  has  figured  a  specimen  of  this  species  from  the  Falls. 
I  have  not  seen  it. 

Formation  and  locality, 

"Corniferous  limestone"  (Jeffersonville  limestone?);  Falls  of  the 
Ohio. 

PUdyceroi  (^Orthonychid)  fluduosum  Ulrich. 

P.  fluctuosum  Ulrich,  Contrib.  Am.  Pal.  1886,  p.  31,  PL  3,  figs.  6-6b. 

Ulrich's  original  description, — "Shell  obliquely  conical,  laterally 
compressed,  gradually  expanding;  dorsum  straight  or  arcuate;  apex 
obtusely  pointed,  apparently  not  incurved.  Surface  or  apical  half  of 
shell  with  irregular  undulations  or  protuberances;  lower  half  plicated 
longitudinally,  the  plications  unequal,  and  crossed  by  irregular  undu- 
lating lines  of  growth.  Aperture  narrowly  ovate,  with  the  margin 
sinuate,  or  rather  irregularly  serrated." 

Formation  and  locality. 
"Middle  Devonian  (Up.  Ilclderberg?);    Falls  of  the  Ohio." 

Flatyceras  (?)  arctimtoma  Ulrich, 

P.  arctiostoma  Ulrich,  Contrib.  Am.  Pal.,  Vol.  I,  1886,  p.  30,  PI.  3, 
figs.  7-7b. 

UlricVs  original  description. — "Shell  semirhomboidal,  obliquely  en- 
rolled, and  consisting  of  about  two  volutions:  apex  minute,  depressed; 
outer  volution  compressed  laterally,  rapidly  increasing  in  height, 
but  slowly  in  width,  with  the  sides,  which  diverge  at  an  angle  of  45 
degrees,  flat  at  the  aperture,  and  slightly  convex  near  the  nucleus 
whorl;  the  upper  side  is  longitudinally  concave  and  narrowly  rounded 
toward  the  depressed  apex;  the  periphery  is  subangular,  and  the  lower 
side  rather  flat  and  abruptly  rounded  into  the  large  umbilicus.  Aper- 
ture oblique,  extremely  elongate,  with  the  sides  subparallel. 

"Surface  marked  by  fine,  well  developed,  and  somewhat  undulating 
striae  of  growth.  These  are  crossed  by  faint  revolving  lines.  Where 
the  external  layer  of  the  shell  is  preserved  the  surface  is  polished." 

This  species  is  known  only  by  the  type  specimen. 

Formation  and  locality. 

"Lower  Devonian''  (JelTersonville  limestone);  Falls  of  the  Ohio. 
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Flalyceras  (Orthanychia)  fluctuosum  Ulrich. 

P.  (Orthonychia)  fluctuosum  Ulrich,  Contrib.  Am.  Pal.,  Vol.  I, 
p.  31,  PI.  3,  figs.  6-6b. 

Ulrich's  origirial  description, — "Shell  obliquely  conical,  laterally 
compressed,  gradually  expanding;  dorsum  straight  or  arcuate;  apex 
obtusely  pointed,  apparently  not  incurved.  Surface  of  apical  half 
of  shell  with  irregular  undulations  or  protuberances;  lower  half  pli- 
cated longitudinally,  the  plications  unequal,  and  crossed  by  irregular 
undulating  lines  of  growth.  Aperture  narrowly  ovate,  with  the  mar- 
gin sinuate,  or  rather,  irregularly  serrated.  This  shell  differs  from 
all  the  species  belonging  to  the  genus  or  subgenus  Orthonychia  Hall 
in  the  compressed  form  and  irregular  surface  undulations.  It  may  be 
compared  with  P.  (0.)  perplexum  Hall  from  the  Upper  Helderberg 
of  New  York." 

The  only  specimens  which  have  been  found  are  in  the  collections  of 
Mr.  Green. 

Formation  and  locality. 

^'Middle  Devonian"  (Jeffersonville  limestone);  Falls  of  the  Ohio. 

PkUyceras  btatchleyi  n.  sp. 

PI.  XVII.  fig.  6. 

Shell  arcuate,  depressed;  apex  minute,  closely  enrolled  for  about 
three-fourths  of  a  volution,  when  it  abruptly  widens  into  the  greatly 
expanded  body  volution.  The  shell  is  compressed  along  the  dorsal 
line  from  the  apex  to  the  posterior  margin,  giving  it  a  sharply  angular 
dorsum;  the  angular  dorsum  supports  seven  strong  and  somewhat 
compressed  spines  which  are  directed  backwards.  There  may  have 
been  and  probably  were  two  or  three  other  spines,  anterior  to  those 
shown  in  the  figure,  which  are  not  preserved.  The  right  side  is 
rather  more  expanded  than  the  left.  Shell  in  front  descending  almost 
vertically  from  the  incurved  apex  to  the  aperture;  on  the  sides  it  is 
slightly  rounded  below  the  dorsum  and  then  slopes  regularly  to  the 
aperture;  length  and  width  of  aperture  nearly  equal.  Peristome  sin- 
uous. 

Surface  marked  bv  fine,  even  striae. 

p.  indianensis  resembles  this  shell  in  its  angular  dorsum,  but  does 
not  have  the  row  of  dorsal  spines  which  clearly  distinguishes  this 
shell  from  any  Platyceras  with  which  I  am  acquainted. 

Formation  and  locality, 

JofTersonville  limestone;  Little  Rock  Creek,  Cass  County. 
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FUdyeeras  lineare  n.  8p. 

Pl.XVIII,6g8.8,:i». 

I 

-  Sliell  small,  depressed  arcuate  along  the  dorsal  axis;  apex  minute, 
closely  enrolled  for  one  and  a  half  volutions,  beyond  which  the  shell 
abruptly  expands,  spreading  more  upon  the  right  than  upon  the  left 
side.  Dorsum  gently  rounded  toward  the  aperture,  abruptly  rounded 
near  the  apex.  Aperture  oblique.  Posterior  half  of  the  peristome 
deeply  sinuate. 

Surface  marked  by  very  fine  concentric  striae  which  are  somewhat 
wrinkled  on  the  upper  part  of  the  shell.  The  body  whorl  is  marked 
by  two  distinct  longitudinal  color  bands,  one  on  each  side  of  the 
dorsum;  these  do  not  extend  quite  to  the  closely  enrolled  part  of  the 
shell.  These  bands  have  a  sepia  brown  color  and  show  as  distinctly 
on  the  creamy  white  surface  of  the  shell  as  if  the  specimen  were  still 
living. 

This  species  is  probably  more  closely  related  to  the  P.  buculentum 
type  than  any  other.  Its  much  smaller  size  and  comparatively  larger 
aperture  distinguish  it  from  that  species.  The  peristome  does  not 
spread  over  the  preceding  volution  as  in  P.  buculentum.  The  color 
bands  are  unique,  but  may  not  be  preserved  in  other  specimens.  Mr. 
Green's  collection  contains  the  only  specimen  I  have  seen. 

Formation  and  locality, 

"Middle  Devonian"  (Jeffersonville  limestone);  Falls  of  the  Ohio. 


Flutycf'rat<  .^uhcircuhire  u.  t?p. 

PI.  XlX.fiK  5. 

Shell  arched,  the  dorsal  line  of  the  body  whorl  forming  a  nearly 
perfect  half  eirrle.  A])ex  minute,  closely  coiled  against  the  apical 
wliorls,  shell  L^'Jidiudly  enlarging  from  the  apex,  sharply  rounded  on 
the  dorsum.  The  aperture  is  eharaet(Tized  by  a  peculiar  aiirieulate 
expansion  near  the  ])osterior  margin  on  each  side  of  the  shell,  which 
ji]>jH';irs  xo  l.)e  most  strnnirly  dev(.'lo])ed  on  the  right  side,  giving  a 
hejirl-shaped  outline.  The  ju-ristonie  is  turnc^d  backwards  at  the 
margin,  spreading  ])artially  over  the  preceding  volution. 

Surface  marked  by  line  arch(Ml  striae.  On  the  body  whorl  the 
>hell  is  marked  by  a  color  band  on  each  side  of  the  dorsum:  the  band 
«>n  the  right  side  ow  nearing  the  apex  a])pruaehes  the  axis  of  the  shell 
and  on  the  apical  whorl  follows  the  dorsum.     A  third  less  distinct 
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color  band  marks  the  right  side  of  the  shell  just  above  the  aurieulate 
expansion,  and  extends  from  the  aperture  about  half  way  to  the  apex. 
The  specimen  figured  belongs  to  the  collection  of  Mr.  C.  K.  Green. 
It  is  the  onlv  one  which  I  have  seen. 

Formation  and  locality, 

"Middle  Devonian"  (Jeffersonville  limestone);  Falls  of  the  Ohio. 


PTEROPODA.* 

Coleoliis  tenuicindum  Hall. 

Pl.XXin.figB  6,7. 

C.  t(.'nuicinctum  Hall;  Pal.  X.  Y.,  Vol.  V,  Pt.  IT,  1879,  PI.  32,  figs. 
5-9;  PI.  32 A,  figs.  6-lO. 

JfaJVs  description. — "Shell  an  extremely  elongate,  gradually  and 
regularly  tapering  cone,  having  in  tlie  largest  individuals  a  diameter 
of  six  niilliiuoters  at  the  largest  extremity,  with  a  length  of  seventy- 
five  millimelers.  Surface  marked  by  fine  closely  arranged  striae,  or 
frequently  with  more  distant  oblique  annulations,  receding  from  the 
aperture  or  sinuate  on  the  ventral  side — the  degree  of  obliquity  de- 
pending upon  the  position  of  the  fossil  or  the  relation  of  the  parts 
expo>ed  to  view.  Interrupted  longitudinal  striae  are  visible  in  well 
preserved  .specimens." 

This  species  is  not  uncommon^  but  well  preserved  specimens  are 
rare.  The  specimens  which  I  have  are  marked  by  line  regular  con- 
centric striae;  there  are  no  oblicjue  annulntions. 

One  specimen  in  Mr.  Green's  collection  lias  a  length  of  2  9-10 
inches  and  a  width  at  the  larger  eufl  of  3-10  of  an  incli.  The  speci- 
mens listed  as  C.  ncicvlum  on  p.  80,  JUill.  Ann.  Pal.  Xo.  12,  probably 
belong  to  tliis  species. 

Fonnn/iofi  iiml  Inrality. 

Jcfl'tTsonxillr  iirncstone  and  Scllersburg  beds:  I^'alls  of  the  Oliio. 
Chariest  own  and  T.exinirton. 

TENTACrLITKS. 

A.     Annulatioiis  prominent,  an^i^nlar  or  8ulianp:n]ar,  form  moderately  elongate 

and  slender.  T,  fcalari formic, 

kk.     Annulatinns  not   very  proinini'nt,  rounded,  slides  sloping,  and   form   very 

elongate  and  slender.  T.  derithea. 

•This  jfroui*  is*  treated  as  a  divitfioD  of  the  Onntropoiin  in  the  Knglish  edition  of  Zittol's 
Palcont•^lo^'y. 
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TentaculUes  dexithea  Hall. 

T.  dexithea  Hall,  Pal.  X.  Y.,  Vol.  V,  Pt.  II,  1888,  Supplement,  p. 
6,  PI.  114,  figs.  18,  19. 

EalVs  original  description. — *'This- species  is  distinguished  from  the 
T,  scalarifomiis  occurring  in  the  Upper  Helderburg  limestone  b}^  its 
more  elongate  and  slender  form,  and  more  sloping  annuli." 

The  differences  between  the  form  occurring  in  the*  Pendleton  sand- 
stone and  that  found  in  the  Devonian  limestone  are  very  slight  and 
are  due  doubtless  to  the  different  conditions  of  sedimentation  under 
which  the  two  existed.  The  separation  of  the  Pendleton  form  from 
T.  scalariformxs  as  a  distinct  species  seems  to  be  a  distinction  of 
doubtful  value. 

Formation  and  locality, 

Pendleton  sandstone;  Pendleton. 


Tentaculites  scalariformis  Hall. 
Pi.xxrii,fig.9. 

T.  scalariformis  Hall,  Pal.  N.  Y.  Vol.  V,  Pt.  II,  p.  167,  PI.  31,  figs. 
3-11. 

IlalVs  description. — ''Form  elongate  conical,  straight,  somewhat 
more  cylindrical  in  approaching  the  aperture;  with  the  apex  in  well 
preserved  specimens  extremely  attenuate  and  quite  solid  from  one- 
fourth  to  one-third  the  entire  length  of  the  shell.  Annulations  prom- 
inent, subangular,  sometimos  rounded  on  the  larger  part  of  the  cone, 
closely  arranged  and  sharply  angular  near  the  apex,  gradually  in- 
creasing their  distance,  becoming  less  angular  with  the  increase  in 
the  size  of  the  shell,  and  obtuse  and  rounded  towards  the  aperture; 
usually  ])ut  little  variation  in  character  on  the  outer  half  of  the 
length,  wliere  the  spaces  between  are  greater  than  the  annulations. 
Interspaces  and  aninilations,  when  well  preserved,  marked  by  fine, 
even  transvt*rse  striae,  of  which  nine  or  ten  may  be  counted  in  the 
furrows,  and  half  as  nianv  on  the  summit  and  sides  of  the  annu- 
lations.-' 

This  species  is  rather  common  at  some  localities. 

Fonnnfion  and  hcalHy. 

Selh.Tsburtr  beds  and  .leflersonville  limestone:  Clark  County, 
Sci})io,  Lancaster,  North  Vernon,  Bartholomew  County,  and  Pipe 
Creek  Falls. 
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Contdaria  sp. 

PI.  XXIII,  fig.  8. 

Form  of  shell  unknown;  surface  marked  by  numerous  fine  trans- 
verse ridges,  of  which  there  are  from  ten  to  fifteen  in  the  space  of 
one-fifth  of  an  inch;  the  summit  of  each  ridge  is  marked  by  from 
eight  to  ten  minute  pores  in  the  space  of  one-tenth  of  an  inch.  The 
interspaces  between  the  ridges  are  marked  by  extremely  fine  longi- 
tudinal lines. 

Only  one  specimen,  which  is  badly  crushed,  has  been  found.  It 
occurs  in  the  Spirifer  mucronatiLS  fauna  of  northern  Indiana. 

Formation  and  locality. 
Sellereburg  beds;  Delphi. 

CEPHALOPODA. 
OYROCERA8. 

A.     Surface  marked  bj  transverse  foliate  expansions  rising  above  the  test. 

O,  jason, 
AA.     Surface  not  marked  by  foliate  expansions. 

b.     Septa  curving  strongly  backward  in  crossing  the  sides ;    volutions 
subquadrangular  in  transverse  section.  0,  indianenftis, 

bb.     Septae  curving  very  slightly  backward  in  crossing  the  sides  ;  volu- 
tions suboval  in  transverse  section.  O,  ineUgan». 

(fyroceraa  jason  Hall. 
PI.  XXVII,  fig.  I. 

G.  jason  Hall,  Pal.  N.  Y.,  Vol.  V,  Pt.  II,  1879,  p.  381,  PI.  50, 
figs.  1-2, 

Shell  very  large  curved,  making  about  one- third  of  a  volution; 
robust  and  nearly  circular  in  transverse  section.  Conch  rather  grad- 
ually enlarging. 

Chamber  of  habitation  and  siphuncle  not  observed.  Test  has  a 
thickness  of  about  8/50  of  an  inch.  Surface  covered  by  irregular 
lamellose  linos  of  growth.  Prominent  transverse  foliate  expansions 
on  the  test  mark  the  surface  at  regular  intervals.  These  are  usually 
distant  from  each  other  on  the  ventral  side  from  one-half  to  one  inch; 
they  are  directed  toward  the  aperture,  rising  sometimes  as  much  as 
an  inch  above  the  surface,  and  are  somewhat  crinkled.  Traces  of  a 
low,  sharp  ridge  a  little  to  the  left  of  the  median  line  are  preserved. 

The  specimen  figured  has  a  length  of  lOJ  inches,  and  a  diameter  in 
the  widest  part  of  3^  inches.  This  specimen  does  not  show  the 
somewhat  hexagonal'  transverse  section  mentioned  by  Hall  nor  the 

47-Geol. 
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deep  sinus  ascribed  to  C,  jason,  but  I  am  inclined  to  regard  it  as  a 
representative  of  that  type. 

The  specimen  figured  was  collected  by  Mr.  John  Powers;  it  is  the 
only  one  known  to  me. 

Formation  and  locality, 
Jefferson ville  Hmestone;  I^xington. 


Gyroceras  indianense  n.  sp. 

PI.  XXIV,  fig.  1;  XXV.  fifffl.  I.  la. 

Shell  large,  subovoid,  discoid,  making  about  two  and  a  half  or  three 
volutions,  which  enlarge  rather  rapidly  and  are  closely  contiguous. 
Volutions  rounded,  subquadrangular,  the  transverse  diameter  some- 
what greater  than  the  dorso-ventral  diameter;  sides  flattened,  per- 
iphery  and  inner  surface  very  gently  convex.  Septa  separated  on  the 
periphery  by  a  space  equal  to  about  one-third  the  dorso-veHtral 
diameter;  the  width  of  the  interseptal  spaces  on  the  periphery  at  any 
point  is  equal  to  about  three  times  the  width  of  the  same  spaces 
on  the  opposite  surface.  The  septa  describe  graceful  backward 
curves  in  crossing  the  sides,  bending  forward  to  the  peripheral  sur- 
face, which  they  cross  in  straight  or  slightly  backward  curving  lines; 
the  backward  curve*  on  the  periphery,  if  developed,  is  much  less 
marked  than  on  the  sides.  Body  chamber  large,  occupying  about  half 
the  outer  volution. 

Siphuncle  small,  about  midway  between  the  center  and  the  periph- 
eral margin  of  tlie  volution.  The  inner  volution  shows  a  line  of  small 
nodes  marking  each  of  the  obtuse  angles  formed  by  the  union  of 
the  sides  with  the  dorsal  and  ventral  surfaces  of  the  volution.  Sur- 
face markings  elsewhere  not  preserved. 

This  shell  agrees  very  closely  with  Meek's  description  of  Gyrocera- 
tiles  oliioensis  except  in  the  direction  of  the  septa,  which  he  describes 
as  curving  backward  more  strongly  on  the  peripheral  surface  than  on 
the  sides.    In  the  specimens  here  described  the  reverse  is  trut;. 

I  have  seen  but  two  specimens  of  this  fossil,  both  found  by  Mr. 
Taylor,  of  Hanover,  Ind. 

Fornidtion  and  locality. 
tleffersonville  limestone(?):  Jefferson  (-ounty. 
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Oyrocerasindegans  Meek? 

PI.  XXVIII,  fig.  1. 

G.  (Nautilus)  inelegans  Meek,  Ohio  Pal.  Vol.  1, 1873,  p.  232,  PL  21. 

The  specimen  here  figured  is  referred  doubtfully  to  0,  inelegans. 
It  represents  apparently  about  half  of  the  body  volution  of  an  indi- 
vidual of  that  species. 

Dorso- ventral  diameter  somewhat  greater  than  the  transverse 
diameter;  broadly  rounded  on  the  periphery  and  rather  sharply 
rounded  on  the  dorsal  side.  Septa  crossing  the  sides  with  a  very 
slight  posterior  curve,  their  anterior  faces  very  concave.  Body  cham- 
ber very  large,  forming  about  three-fourths  of  the  length  of  the 
specimen. 

Formation  and  locality. 
JciTersonville  limestone;  Falls  of  the  Ohio. 

Nautilus  maximtis  (Conrad). 

N.  maximus  Nettleroth,  Ky.  Foss.  Shells,  1889,  p.  196,  PI.  24,  fig.  1. 
Nettloroth  figures  this  species  from  the  Indiana  Devonian.    I  have 
not  seen  it. 

Formation  and  locality. 

Sollersbur^  beds;  Falls  of  the  Ohio. 

G0MPH0CERA8. 

A.     Surface  marked  by  longitudinal  ridges  or  striae. 

b.     Shell  gibbous  or  subglobose.  0.  onforme. 

bb.     Shell  slender.  O   raphann^. 

AA.     Surface  not  marked  by  longitudinal  striae. 

c.     Chamber  of  habitation  abruptly  rounded  at  the  front. 

O.  turbiniformc, 
cc.     Chamber  of  habitation  gently  rounded  at  the  front. 

0.  minum. 

Gomphoceras  turbiniforme  M.  and  W. 

(f.  turbiniforme  Meek  and  Worthen,  Geol.  Surv.  111.,  Vol.  Ill,  1868, 
p.  444,  PI.  12,  figs.  2a,  b. 

Meek  and  Worthen\*i  description. — "Shell  rather  small,  turbinate 
or  suboviito,  very  slightly  unsymmetrical;  section  circular  or  nearly 
so;  chambered  part  rapidly  expanding,  with  sides  slightly  convex 
above.  Xonseptate  part  very  short,  or  three  times  as  wide  as  long, 
rounding  in  abruptly  above;  aperture  contracted,  but  exact  form  un- 

48~6eol. 
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known.     Septa  only  moderately  concave;  nearly  equidistant  at  all 
points,  excepting  near  the  center  and-the  apex,  where  they  are  more 

crowd od;  at  about  the  widest  part  of  the  shell,  separated  by  spaces 

equaling  one-eighth  of  its  greatest  diameter. 

"Siphon  small  and  marginal.  Surface  nearly  smooth,  or  with  only 
fine  lines  of  growth." 

The  collections  at  hand  contain  three  specimens  of  this  species. 
In  one  of  these  si>ecimens  the  aperture,  the  width  of  the  nonseptate 
part,  is  equal  to  twice  its  length.  The  front  of  the  shell  rounds  off 
abruptly  to  the  aperture,  which  is  margined  by  a  process  which  pro- 
jects slightly  above  the  surface.  The  aperture  is  a  transverse  slit 
rounded  at  the  ends  with  a  straight  upper  margin;  the  lower  lip 
has  in  the  middle  a  deep  rounded  sinus  whose  width  equals  one-third 
the  length  of  the  aperture. 

Formation  and  locality. 

Sellersburg  beds;  Charlestown  aiul  J^i^xington. 

Gromphoeeras  minum  Hall. 

PI.  XXV,  fig.  3. 

(i.  minum  Hall,  Pal.  N.  Y.,  Vol.  VIl,  188S,  p.  34,  PI.  122,  fig.  1. 

Hairs  descriptiou. — "Shell  small,  ovifonn;  point  of  greatest  trans^ 
verse  section  on  the  anterior  third  of  the  tube.  Chamber  of  habita- 
tion (•oin])arativcly  large  and  gibbous.  Aperture  small,  trilobate. 
Air  clianibcrs  two  mm.  in  depth.  Test  marked  by  lines  of  growth. 
Length  ot'  sjx'cimcn  3(hnm,  greatest  diameter  22mm.  The  shell  of 
the  individual  (lescrihed  is  silicified  and  many  of  the  features  are 
obs<ure." 

The  collections  at  hand  contain  four  sj)ecimens  of  this  species. 
They  are  characterize<l  hy  their  pear-shaped  outlines,  regularly 
ronndiMl  anterior  extremities  and  trilobate  apertures.  One  of  the; 
specimens  shows  the  sipliuncle  to  hi},  submarginal.  In  some  speci- 
mens the  st'|)ta  are  more  closely  crowded  at  one  side  than  jit  the 
other.  *:ivin^  ihem  an  unsymmetrical  a])|)earance,  as  in  the  spcicinien 
ligured. 

For  mat  ion  and  lomJifj/. 

Sellers])urg  i)e(ls;  C'liarlestown  and  Kalis  of  the  Ohio. 

Gomphocerai^  ovlforme  Hall. 

(;.  oviforme  Hall.  Pal.  N.  Y..  Vol.  A\  Pt.  II,  187!).  p.  :U4,  PL  45, 
tigs.  1-k  PI.  4(),  figs.  ().  7:  PI.  04,  figs.  6,  7. 

One  specimen  in  Mr.  Green's  collection  is  referred  to  this  species 
with  some  doubt. 
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Shell  straight,  rather  gibbous,  oval  in  transverse  section.  Chamber 
of  habitation  long,  the  length  equal  to  three-fourths  of  the  width. 
Greatest  width  near  the  base  of  the  chamber  of  habitation,  which  is 
slightly  contracted  posterior  to  the  aperture.  The  four  or  five  cam- 
erae  next  the  chamber  of  habitation  are  of  uniform  size  except  the 
last,  which  is  slightly  smaller  than  the  others.  Sides  of  shell  taper- 
ing ver}'  gradually  toward  the  apex,  which  is  not  preserved. 

Surface  markings  not  preserved.  The  length  of  the  shell  is 
2  9/10  inches:  the  chamber  of  habitation  has  a  length  of  l^  inches. 

Formation  and  localiiy. 

Sellersburg  hods;  Falls  of  the  Ohio. 

Gompfuieeras  raphanus  Hall  ?. 

(J.  raplmmis  Jlall,  Pal.  N.  Y.,  Vol.  V',  Tt.  11,  1879,  p.  347,  PI.  94, 
figs.  2-5,  10. 

Some  very  poor  specimens  in  the  State  Museum  were  listed  under 
this  species  in  the  State  Museum  catalogue.*  Their  state  of  preserva- 
tion will  not  permit  of  positive  determination,  and  they  may  or  may 
not  belong  to  this  species. 

Formation  and  locality. 

Sellersburg  beds;  ( -harlestown  and  Ijexington. 

QompJioceras  9p, 

PI.  XXIX,  fig.  1. 

The  specimen  iigured  is  a  limestone  cast,  unsatisfactory  for  specific 
determination.  It  may  be  compared  with  (iomphoreras  eximum  Hall. 
The  shell  is  vertically  com])ressed,  elliptical  in  cross  section.  Toward 
the  apex  the  shell  is  slightly  (Uirved  upward.  1'he  septa  are  mod- 
erately convc'x  on  their  posterior  faces. 

Formation  and  locality. 
.JefTersonville  limestone;  Falls  of  th(»  Ohio. 

ORTHOCERA8. 

A.    Transverse  ridges  with  nodes  in  longitudinal  ridges.  0.  ealdveilensig. 

A  A.     Transverse  ridges  without  nodes.  0.  thoas. 

Orthoeeras  thoas  Hall. 

0.  thoas  Hall,  J»al.  N.  Y.,  Vol.  V,  Pt.  II,  1879,  p.  2G1,  PI.  41,  figs. 
1-9:  PI.  'JHB,  fig.  r>;  PI.  79,  fig.  13;  V].  80,  figs.  7,  8,  10,  11;  PI.  112, 
figs.  7-8. 

'='16th  Ann.  lUp.  Ind.  D«pt.  Gool.  and  Nat.  Uiit. 
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The  colleotions  from  northern  Indiana  contain  a  section  of  a  tube 
of  this  species  measuring  two  inches  in  length  and  one  and  one-tenth 
inches  in  width  at  the  widest  part.  Shell  straight,  very  gradually 
expanding,  circular  in  transverse  section.  Septa  rather  deeply  con- 
cave. Surface  marked  by  transverse  annulations  separated  by  flat 
or  slightly  concave  interspaces  one-tenth  of  an  inch  in  width.  The 
annulations  are  rather  low  rounded  or  obtusely  angular  ridges.  In- 
distinct longitudinal  striae  mark  the  surface.  The  specimen  is  poorly 
preserved  and  if  transverse  striae  have  been  present  they  are  not  pre- 
served. ' 

Formation  and  locality. 

JefTersonville  limestone;  Hunker  Hill. 


\ 


Orihocera^  caldn^lensis  Miller  and  Gurley, 

0.  caldwellensis  M.  &  G.,  Bull.  111.  State  Mus.  Nat.  Hist.  No.  11, 
p.  31,  PI.  4,  figs.  1-2. 

Miller  and  Gurletfs  original  description. — "Shell  straight,  large, 
long,  very  slowly  and  regularly  enlarging  from  the  apex  toward  the 
mouth  of  the  chamber  of  habitation.  Only  the  middle  part  of  the 
shell  is  preserved  in  our  specimens.  Chamber  of  habitation  ujiknown. 
Transverse  section  subelliptical.  Siphuncle  subcentral.  The  shell  is 
preserved  on  our  specimen  and  the  air  chambers  arc  not,  therefore, 
exposed.  I^he  shell  is  widely  and  deeply  aiinulated  or  transversely 
furrowed.  The  dividing  ridges  are  nodose.  The  nodes  are  arranged 
in  longitudinal  rows.  There  are  fourteen  nodes  on  each  transverse 
ridge,  in  the  specimen,  and  hence  there  are  fourteen  longitudinal 
rows  of  nodes.  A  longitudinal  line  crosses  each  furrow  from  node 
to  node,  but  it  is  nearly  obsolete  at  the  bottom  of  the  furrows.  The 
width  of  a  furrow  or  distance  between  two  nodes,  at  the  larger  end, 
is  equal  to  one-third  of  the  shorter  diameter  of  the  shell,  but,  at 
the  smaller  end  of  the  s])ecimen,  the  distance  between  two  nodes  is 
more  than  one-third  of  the  -greater  diameter.  Tlie  width  of  the 
annulations,  therefore,  does  not  bear  a  regular  proportion  to  the 
diameter  of  the  shell.  There  is  an  obscure  node  betwc^on  the  regular 
nodes,  at  the  larger  end,  but  none  near  the  smaller  end.  The  septum 
shown  at  the  snialh;r  end  is  highly  arched,  and  it  appears  as  if  there 
is  only  one  septum  to  correspond  with  eaeh  annulation.  The  shell 
is  thick  and  the  outer  surface  of  the  furrows  shows  no  lamellose  lines 
of  growth,  but,  possibly,  a  better  preserved  specimen  would  show  such 
lines.'^ 
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This  species  is  known  only  from  the  types. 

Formation  and  locality, 

"Upper  llelderburggroup;"  Clark  (Jounty. 

CyrtocerM  expanmm  d.  sp. 

PI.  XXVI,  fig.  1. 

Shell  rather  large,  moderately  curved.  Transverse  section  ellip- 
tical, the  dorso-ventral  and  transverse  diameters  in  the  ratio  of  8 
to  11.  Shell  rapidly  enlarging  from  the  apex.  Apex  not  preserved. 
Chamber  of  habitation  large  and  gibbous,  having  a  length  equal  to 
or  greater  than  the  width.  Septa  rather  strongly  concave  on  their 
posterior  faces.  Sutures  regularly  transverse.  Siphuncle  dorsal, 
about  midway  between  the  center  and  dorsal  margins. 

Surface  marked  by  transverse  closely  arranged  striae,  and  by  some- 
what strouger  and  more  distant  longitudinal  striae.  The  latter  are 
separated  by  spaces  four  or  five  times  their  own  width. 

This  form  does  not  seem  to  be  very  closely  related  to  any  other 
species  ^ith  which  I  am  acquainted.  The  position  of  the  sipliuucle 
near  the  dorsal  margin  distinguishes  it  sharply  from  most  species  of 
this  genus. 

Formation  and  locality. 
Jeffersonville  limestone;  Bunker  Hill. 

Cyrtoceraii  8p, 

PI.  XXV,  fig.  2. 

Shell  arcuate,  very  rapidly  expanding.  Somewhat  compressed, 
subovate  in  transverse  section,  the  ventral  surface  strongly  convex 
and  the  dorsal  very  slightly  convex  or  nearly  flat.  Chamber  of  hab- 
itation not  preserved.  Septa  thin,  with  a  concavity  in  the  posterior 
portion  equal  to  their  thickness;  in  the  anterior  ])ortion  the  concavity 
is  greater.    Siphuncle  on  the  ventral  side,  submarginal. 

Surfac^e  marked  by  fine  transverse  striae  which  arch  slightly  back- 
ward in  crossing  the  middle  of  the  ventral  side. 

The  specimen  here  figured  is  ])elieved  to  represent  a  new  species, 
])ut  since  the  a])sence  of  the  chamber  of  habitation  prevents  a  full 
description,  no  specific  desiguaticm  will  he  pr()})osed. 

Formation  and  locality. 

Scllersburg  bedft(?);  Jefferson  County. 

49-Geol. 
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OoniatHea  discoideus  var.  chioenns  Hall. 

G.  discoideus  var.  ohioensis  Hall,  27th  Rep.  N.  Y.  State  Mus.  Nat. 
Hist.,  1874,  PI.  13,  figs.  18,  19. 

I  have  seen  but  one  fragmentary  specimen  of  this  gonatile. 

Formation  and  locality. 

SeHersburg  beds;  Ivexington  and  Falls  of  the  Oliio. 

CRUSTACEA. 
PBACOF8 

A.     Pleural  annulations  of  the  pygidium  dichotomous. 

b.     Axis  of  the  thorax  with  row  of  spines.  P.  crUtata. 

bb.     Axis  of  the  thorax  without  row  of  spines.  P.  trisiata  var.  fnpa. 

Kk,     Pleural  annulations  of  the  pjgidium  not  dichotomous.  P.  rona. 

Phaeops  rana  (Green). 

Pl.XXXI,fifffl.l,la,lb. 

Pliaoops  rana  (Hall  and  Clarke),  Pal.  N.  Y.,  Vol.  Vll,  1888,  p.  19, 
PI.  7,  figs.  1-11;  PI.  8,  figs.  1-18;  PI.  8A,  figs.  21-33. 

This  well  known  speoit.'s  is  perhaps  more  common  than  any  other 
trilobite  in  the  Indiana  Devonian.  Complete  individuals,  however, 
are  rare.  The  largest  specimen  observed  has  the  following  dimen- 
sions: lA*ngth  of  cephalon,  V^^^  ^>^  ^^^^  inch;  thorax,  1  7/50  inches; 
pygidium,  VIO  of  an  inch;  total  length,  2  17/50  inches.  The  lenses 
in  the  eyes  of  the  si)ecimens  figured  here,  which  are  from  Mr.  Green's 
conection,  number  resp(»ctively  (59  and  82. 

Formation  and  locality. 

Jctfcrsonville  limestone;  Cliarh'siown,  North  Vernon,  Bartholo- 
mew (■ounty.  Falls  of  tlie  Ohio,  Wnison,  Lexington,  lyancaster  and 
Litllc  Kock  Creek,  Cass  Ccninly. 

Phacx>ps  cristata  Hall. 

\\  erisijitn  Hall  nnd  darke,  Pal.  N\  Y.,  Vol.  VII,  1888,  p.  11, 
IM.  (i,  figs.  1-13,  l(i-29;  PL  8A,  figs.  1-L 

The  collection  of  Mr.  0.  K.  (ireen  contains  a  segment  of  the  thorax 
of  this  species.  It  is  fattened  junl  dichotomous  on  the  pleurae  and 
hears  the  sliort,  strong  spinc^  on  the  axis  which  is  characteristic  of 
this  species.     No  othtM"  specimiMis  of  the  species  have  heen  observed. 

F(trntatinn  and  Uicality. 

.letfersonville  limestone:  Falls  of  the  Ohio. 

Phaeops  cristata  var.  pipa  H.  and  C. 

Pl.XXX,fiR.4. 

P.  cristata  var.  })ipa  11.  &  (J.,  Pal.  N.  Y.,  Vol.  VII,  1888,  p.  18, 
^  PI.  8A,  figs.  5-18. 
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This  variety  is  distinguished  from  P.  cristata  according  to  Hall 
and  Clarke  by  the  following  characters:  (a)  Greatly  inferior  size; 
(b)  absence  of  the  axial  row  of  spines;  (c)  smaller  spines  at  the  genal 
angles;  (d)  fewer  annulations  upon  the  pygidium;  (e)  smaller  number 
of  corneal  lenses,  varying  from  23  to  45  for  each  eye. 

Hall  and  Clarke  record  this  variety  from  the  Falls  of  the  Ohio. 
A  few  pygidia  from  this  locality  in  Mr.  Green's  collection  are  referred 
with  some  doubt  to  this  species.  These  have  from  nine  to  ten  annula- 
tions on  the  axis  and  six  to  seven  on  the  pleurae;  the  anterior  two  or 
three  of  the  latter  are  distinctly  grooVed  near  their  distal  extremities 
and  near  their  junction  with  tlie  axis,  while  their  medial  partition  is 
marked  by  a  very  faintly  impressed  line  or  not  at  all. 

Formation  and  locality. 

Jefferson ville  limestone;  Falls  of  the  Ohio. 

PROETrS. 

A.     Pygidium  very  smal],  with  minute  tubercles  arranged  in  two  or  more  rows 
on  each  annulation.  P.  microgemma. 

AA.     Pygidium  not  very  small,  with  regularly  arranged  tubercles  on  the  annula- 
tions. 
b.     Lateral   furrows    on   the   glabella  deep   and    prominent,  glabella 
tapering  anteriorly.  P.  eurvimarffinaius. 

bb.     Lateral  furrows  on  the  glabella  shallow  and  inconspicuous  or  obso- 
lete, glabella  not  tapering  anteriorly, 
c.     Posterior  portion  of  the  pygidium  smooth. 

P.  crassiinarginatus. 
cc.     Posterior  portion  of  pygidium  with  annulations  similar  to 
those  on  the  anterior  portion. 
d«     Cephalon  very  short  without    spines    at   the    genal 
angles.  P.  folliceps, 

dd.     Cephalon  not  very  short  with  long  spines  at  the  genal 
angles, 
e.     Annulations  of   the  pygidium   arching  back- 
ward in  crossing  the  summit  of  the  axis. 

P.  niaerofephalus. 
ee.     Annulations  of  the  pygidium  not  arching  back- 
ward in  crossing  the  axis, 
f.     Border  of  cephalon  grooved  by  two  fur- 
rows. P.  eanalicutatua. 
ff.     Border  of  cephalon  not  grooved  by  two 
furrows, 
g.     Glabella  rather  strongly  convex. 

P.  elarus, 
gg.     Glabella  depressed. 

P,  latimarginatus. 
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Proetus  latimarginatus  Hall  and  Clarke. 

P.  latimarginatus  H.  &  C,  Pal.  N.  Y.,  Vol.  VII,  p.  97,  PL  22, 
figs.  7-12. 

Hall  and  Clarke's  original  description. — "General  form  and  propor- 
tions: Outline  elliptical,  length  to  width  as  two  to  one.  Surface 
conspicuously  trilobate,  convex,  deflected  on  the  marginal  area. 
Cephalon  semielliptical  in  outline;  border  broad,  flat,  thickened  by 
doublure  and  produced  into  stout  spines  at  the  angles  of  the  cheeks. 
Length  to  width  as  6  to  7. 

"Facial  sutures  taking  their  origin  close  within  the  genal  angles, 
passing  forward  very  obliquely  over  the  occipital  ring  to  the  eye 
lobe,  cutting  the  anterior  margin  at  points  relatively  distant,  and 
approximating  upon  the  doublure. 

"Glabella  depressed  convex,  slightly  flattened  above  and  posteriorly 
elevated  oh  the  axial  line;  long,  conate  extending  to  the  frontal 
border.  Width  at  the  base  greater  than  one-third  the  width  of  the 
shield.  Lateral  furrows  obscure,  but  indications  of  three  pairs  may 
be  observed.  Occipital  lobes  comparatively  large;  occipital  furrows 
narrow,  bifurcating  near  the  axial  furrow  to  include  the  occipital 
lobes,  and  becoming  very  deep  upon  the  cheeks;  occipital  ring  broad 
and  flat. 

"Cheeks  convex,  depressed  about  the  base  of  the  eyes,  thence  some- 
what abruptly  deflected  to  the  marginal  sulcus  and  occipital  furrow. 

^T^yes  comparatively  small,  approximate,  attaining  the  elevation 
of  the  glabella.  Palpebrum  small;  palpebral  lobes  depressed,  obscure; 
palpebral  sulcus  shallow. 

"Thorax  subquadrate,  length  to  width  as  two  to  three;  margins 
nearly  parallel;  surface  equally  trilobate. 

"Axi^  evenly  arched,  widest  at  the  fourth  segment  and  tapering 
thence  regularly  backward.    Segments  flattened,  transverse. 

"Pleurae  flat  for  one-half  their  width  and  thence  deflected  in  a 
moderately  sharp  curve  to  the  margin.  Kach  segment  grooved  for 
two-thirds  its  length,  and  beveled  upon  the  outer  third  by  the  articu- 
lating plane. 

"Pygidium  parabolic  in  outliuo,  length  to  width  as  three  to  five; 
evenly  convex;  border  broad,  flat  or  slightly  sloping. 

"Axis  prominent  and  evenly  tapering  to  an  abrupt  and  somewhat 
elevated  termination  just  within  the  posterior  border,  with  which  it 
is  connected  by  a  low  ridge.  Indications  of  seven  or  eight  transverse 
annulations  appear  on  the  axis,  exclusively  of  the  articulating  ring, 
which  is  more  conspicuous  than  any  of  the  others. 
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"Pleura  evenly  sloping  to  the  lateral  and  posterior  margins.  Artic- 
ulating ring  very  conspicuous;  annulations  obscure,  almost  obsolete. 
Four  are  visible  in  favorably  preserved  specimens,  and  all  are  de- 
pressed above  and  faintly  grooved." 

This  species  is  not  uncommon  in  the  Pendleton  sandstone  from 
which  the  types  were  obtained,  but  I  have  not  recognized  it  elsewhere. 

Formation  and  locality. 

Pendleton  sandstone;  Pendleton. 

Proetm  canaliculcUiis  Hall. 

P.  canaliculatus  H.  &  C,  Pal.  N.  Y.,  Vol.  VII,  1888,  p.  107,  PI.  20, 
figs.  10,  11;  PL  23,  figs.  10,11. 

Hall  and  ClarWs  description. — ^'The  species  is  characterized  by  its 
violin-sliapod  glabella  (genus  Aeo7\ia,  Burmeister),  constricted  at  the 
anterior  angle  of  the  eye,  and  broadly  rounded  on  the  anterior 
extremity.  Its  length  would  be  more  than  two-thirds  the  length  of 
the  cephalon,  and  its  width  apparently  somewhat  less  than  one-third 
that  of  the  cephalon.  The  transverse  furrows  are  indistinct  upon 
the  crust,  but  appear  to  consist  of  three  pairs  and  the  accessory  pair. 
The  first  pair  visible  is  transverse,  and  the  posterior  pairs  are  in- 
clined backward.  All  the  glabellar  lobes  are  faint.  The  occipital 
lobes  are  conspi(»uous;  the  occipital  furrow  narrow  and  deep;  the 
occipital  ring  moderately  broad  and  flattened.  The  border  is  very 
broad  and  flat,  and  is  grooved  along  the  anterior  limbus  by  two 
furrows,  the  anterior  of  which  is  narrow  and  close  upon  the  edge, 
the  other  is  broad  and  is  separated  from  the  frontal  margin  of  the 
glabella  by  a  rounded  ridge.  Upon  the  cheeks  these  grooves  become 
shallower  and  reduced  to  two  planes,  the  interior  and  broader  one 
horizontal,  the  anterior  narrow^er  and  beveling.  At  the  genal  angles 
the  border  is  produced  into  moderately  long  and  stout  spines  which 
are  ridged  upon  the  surface,  and  minutely  curved  at  the  tip.  The 
eyes  and  palpebral  lobes  are  comparatively  large,  the  orbital  ridge 
elevated,  iho  cheeks  flattened  at  their  summit  below  this  ridge, 
abruptly  curving  to  the  marginal  and  occipital  furrows.  The  surface 
is  smooth  upon  the  border,  finely  granulose  upon  the  glabella  and 
pustulose  upon  the  flattened  summits  of  the  cheeks.  The  doublure 
is  strongly  rounded  and  incurved,  somewhat  excavate  at  the  genal 
angles,  sharply  convex  and  ridged  upon  the  genal  spines.  Its  surface 
is  marked  by  longitudinally  parallel,  lamellose  lines." 

Formation  and  locality. 

Hall  and  Clarke  record  the  species  from  the  **Ck>miferou8  lime- 
stone" at  the  Falls  of  the  Ohio. 
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Proetus  curvimarginatus  Hall  and  Clarke. 

P.  eurviniarginatus  H.  &  C,  Pal.  N.  Y.,  Vol.  VII,  1888,  p.  94, 
PI.  22,  figs.  13-19. 

This  species  is  readily  distinguished  from  Froeim  tnacrocephalus, 
to  which  it  is  most  closely  related,  hy  its  deeply  furrowed  and  rapidly 
tapering  glabella. 

The  types  were  found  in  the  Pendleton  sandstone  at  Pendleton. 


Proetus  microgemma  Hall  and  Clarke. 

P.  microgemma  H.  &  C,  Pal.  N.  Y.,  Vol.  VII,  1888,  p.  109,  PI.  22, 
tigs.  33-34. 

Hall  and  darkens  original  description. — "Several  detached  pygidia 
afford  certain  characteristic  features  in  which  they  differ  from  de- 
scribed species.  The  shield  is  small  and  transversely  semielliptical 
in  outline,  convex,  longitudinally  arched,  distinctly  and  equally  tri- 
lobate. The  axis  is  elevated,  tapering  with  slightly  rounded  margins 
to  a  blunt  and  somewhat  elevated  termination  just  within  the  border. 
It  is  somewhat  appressed  at  the  sides  just  above  the  axial  furrows, 
bears  eleven  annulations  which  are  angulated  at  the  sides,  and  po«- 
teriorly  recurved  over  the  median  line.  Upon  the  axial  line  each 
bears  a  stroiior  iu})t»rele.  The  pleurae  are  depressed  below  the  axis, 
slightly  llatlciied  above  juhI  «H|ually  deflected  to  the  lateral  and  pos- 
terior mnrgiiis.  Kach  bears  seven  or  eight  annulations  which  arc 
grooved  by  line  impressed  lines.  The  border  is  thickened,  moderately 
and  e(jually  broad  tlirouuliout  its  extent;  it  is  eiieroaclied  upon  by 
th(^  artieulatiii'^  riiiir  and  sliirbtlv  bv  the  first  two  or  three  annula- 
tions.  The  surface  is  covered  with  minute  and  distinct  tubercles, 
which  are  irre^ailarly  dis])Osed  upon  the  annulations  of  the  axis,  but 
are  arranged  in  two  or  more  rows  on  each  annulation.  A  very  young 
example,  nu^asurintr  2mm  in  length  and  3mm  in  width,  shows  nine 
annulations  on  llie  axis  and  ten  on  the  |)leurae;  the  margin  is  less 
thickened  than  in  the  later  stages  of  growth,  all  the  pleural  annula- 
tions encroaching  upon  it.  The  annulation  is  also  more  distinct  than 
in  larger  s[)ecimens.  An  average  specimen  measures  (bum  in  length 
and  Ihnni  in  width/' 

Fonuaiioii  and  locality. 

*'Corniferous  limestone;"  Falls  of  the  Ohio. 
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Produs  follieeps  Hall  and  Clarke. 

PI.  XXX.  fiffB.  10.  ?0a. 

P.  follieops  11.  &  a,  Tal.  N.  Y.,  Vol.  VJI,  1888,  p.  101,  PI.  29, 
figs.  3-8. 

J  fall  and  (^larlrs  original  description. — '^General  form  and  propor- 
tions: J^ody  elongate,  outline  elliptical,  lateral  margins  nearly  par- 
allel. J.engtli  to  width  as  eight  to  {\\q.  Surface  convex,  anteriorly 
gihhoiis.  coiis])i(Uously  and  suhequally  trilobate.  Ce[)halon  short, 
,s(»micircuhir,  border  flat,  moderately  broad,  horizontal  anteriorly, 
becoming  deflected  toward  the  genal  extremities,  which  are  broadly 
rounded  and  not  produced.  Surface  very  convex,  equally  trilobate, 
length  to  width  as  one  to  two.  The  facial  sutures  take  their  origin 
just  within  the  genal  angles,  run  very  obliquely  across  the  occipital 
ring  to  the  outer  angle  of  the  occipital  lobes,  thence  rise  abruptly  to 
the  eye  lobes,  and  pass  with  slight  divergence  down  the  steep  frontal 
slope,  curving  and  approaching  each  other  at  the  edge  of  the  frontal 
border  and  uniting  upon  the  doublure. 

'^filabclla  subpyriform,  very  convex,  longitudinally  arched,  rising 
abru])tly  on  all  sides  from  the  lateral  furrows,  which  are  not  deeply 
impressed;  gibbous  on  the  anterior  slope,  slightly  flattened  at  the 
summit.  Length  equal  to  four-fifths  the  length  of  the  ce})halon; 
width  at  the  base  more  than  one-third  that  of  the  cephalon.  Four 
pairs  of  lateral  furrows  and  one  pair  of  accessory  furrows  are  discern- 
ihle  upon  the  cast  of  the  lower  surface,  but  uj)on  the  crust  only  the 
stronger  of  them  can  be  seen,  as  faint  lines  interrupting  the  orna- 
mentation. The  first  pair  is  situated  at  about  one-third  the  length 
of  the  glabella  from  the  anterior  margin,  and  appear  as  faint  elongate 
})its  not  distant  from  the  marginal  furrow.  The  other  three  pairs 
are  longer  and  inclined  backward,  none  except  the  fourth  pair  ex- 
tending to  the  marginal  furrow.  The  accessory  furrows  take  their 
origin  just  in  front  of  the  proximal  ends  of  the  fourth  furrow  and 
are  strongly  inclined  backward.  The  occipital  lobes  are  moderately 
strong  in  the  cast,  but  are  inconsj>icuous  where  the  crust  is  retained. 
Occipital  furrows  narrow,  the  anterior  side  nearly  vertical  and  the 
posterior  side  almost  horizontal,  widening  on  the  cheeks  and  con- 
tinuous with  the  marginal  sulcus.  Occipital  ring  broad,  flat,  narrow- 
ing to  the  axial  furrows  and  widening  again  to  the  genal  angles, 
bearing  a  small  pointed  tubercle  upon  the  axial  line.  Cheeks  grooved 
and  de|)ress(»d  about  the  orbital  lobe,  thence  abruptly  deflected  to  the 
broad  margin.  Eyes  approximate,  prominent,  elevated  to  almost  the 
height  of  the  glabella;  orbital  ring  conspicuous;  palpebral  lobe  small; 
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palpebral  furrow  elevated  and  moderately  deep.  Thorax  subrectan- 
gular,  margins  nearly  parallel.  liength  to  width  as  one  to  one  and 
three- tenths. 

**Axis  arched. 

"Pleurae  flattened  above  for  one-half  their  width,  and  thence 
somewhat  abrui)tly  deflected.  The  segments  are  transverse,  some- 
what flattened,  grooved  upon  the  pleurae  and  beveled  for  one-half 
their  length.  Pygidium  subs(»micircular,  border  broad,  thickened 
and  rounded.  Surface  (*onvex,  sloping  more  abruptly  at  the  sides 
than  posteriorly.  Axis  having  less  than  one-third  the  width  of  the 
shield,  tapering  to  a  broad  and  blunt  termination,  considerably  within 
the  posterior  nujrgin.  It  bears  seven  or  eight  annulations,  which 
l)end  forward  for  a  short  distance  within  the  axial  furrows,  are  there 
sharply  angulated  and  cross  the  axial  line  in  a  broad  curve. 

**Pleurae  with  seven  or  eight  annulations,  each  of  which  is  broad, 
low,  often  indistinct,  and  very  faintly  grooved,  all  becoming  obsolete 
upon  the  border.    Length  to  width  as  one  to  one  and  eight-tenths. 

''Dimensions. — An  average  adult  affords  the  following  measure- 
ments: 

Boify.  Cephalon,  Thorax.  Pygidium. 

Length    43  mm.  12  mm.  18  mm.  13  mm. 

Width 27  mm.  27  mm.  23  mm.  20  mm. 

"The  smallest  individual  observed  measures  21mm  in  length  and 
Nmm  in  width.'' 

This  sp('<'i(»s  occurs  rarely  at   Pipe  Crock  r'alls. 

Fortnafion   and  loralift/. 

.JctTorsoiivillc  limestone;  Pipe  ('reck  Falls. 

Proetiis  crassimarginatiis  Hall. 

Pi.  XXX,  fig?.  1,1a.  2. 5,  6. 

P.  crassimarginatiis  II.  c\:  (\,  Pal.  N.  Y.,  Vol.  VII,  18S8,  p.  ;)i), 
PI.  ^^0,  ji<rs.  (;-8,  -iO-;^!;  PI.  1^2.  tigs.  ^^0-2(1;  PI.  15,  fig.  S. 

(ilab(»lla  large,  subquadratc*;  surface  convex,  slightly  ilattened  on 
top,  marginal  furrows  shallow;  three  to  four  pairs  of  lateral  furrows, 
direci(»d  obli^piely  l)aekwarc1;  those  are  dovoloped  on  the  lower  surface 
of  the  glabella  and  reveal  themselves  in  specimens  which  are  not 
exfoliated  only  l>y  their  darker  color  showing  through  the  semitrans- 
pareiit  crust.  Occipital  lobes  are  relatively  small  but  well  defined: 
occipital  furrow  narrow  and  shallow.  The  border  of  the  cephalon  is 
usuallv  narrow  and  much  thickened  in  front. 
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Thorax  composed  of  ten  segments;  axis  broad  and  strongly 
arched;  pleurae  flattened  for  half  their  width,  then  sloping  abruptly 
to  the  margin;  the  segments  are  flattened  and  grooved  upon  the 
pleura. 

Pygidium  semiovatc,  convex,  sloping  regularly  to  the  lateral  and 
])osterior  margin;  axis  strongly  arched  both  transversely  and  longi- 
tudinally, t-aperiiig  to  an  obtuse  termination.  The  anterior  end  is 
juarkcd  by  from  four  to  ten  annulations,  the  posterior  lateral  area 
being  smooth.  In  exfoliated  pygidiae  a  larger  number  of  indistinct 
arinuhitiojis  may  be  counted.  In  crossing,  the  summit  of  the  axis 
the  annuhilions  arch  backward  slightly. 

The  pygidiae  and  glabella  of  this  trilobite  are  abundant  at  Pipe 
Creek  Falls,  but  I  have  seen  no  complete  individuals. 

Horizon  and  locality. 

Jctfersonville  limestone  and  Sellersburg  beds;  Pipe  Creek  Falls, 
Charlestown,  Falls  of  the  Ohio. 

ProeivM  clarus  Hall. 

PI.  XXX,  figs.  8. 9, 12. 

V.  clarus  II.  &  C,  Pal.  N.  Y.,  Vol.  VII,  1888,  p.  101,  PL  20,  figs. 
12-11;  PI.  22,  figs.  28-30. 

1Mu'  collections  at  hand  contain  several  specimens  of  the  glabella 
and  free  checks  of  this  species.  Partially  exfoliated  specimens  show 
three  |)airs  of  transverse  furrows  on  the  glabella  which  are  directed 
obliquely  backwards.  Other  specimens  show  only  the  posterior  pair, 
which  are  bent  abruptly  backwards  about  the  middle  of  their  length. 
The  anterior  border  is  very  broad,  flat  or  with  a  shallow  groove 
toward  the  front.  Occipital  furrow  narrow  and  deep;  occipital  lobes 
rather  large. 

Formation  and  locality. 

JcfTcrsonville  limestone;  Falls  of  the  Ohio,  Burnsville,  Bartholo- 
mew County,  Lexington,  Bunker  Hill  and  Pipe  Creek  Falls. 

Proctus  macroc^lialvn  Hall. 

PI.  XXX,fig8.7,ll. 

P.  rnacrocephalus  H.  &  C,  Pal.  N.  Y.,  Vol.  Vll,  1888,  p.  11(>, 
PL  21,  figs.  10-21;  PL  23,  figs.  30-31. 

Hall  and  Clarices  original  description. — "General  form  and  propor- 
tions: Outline  elliptical.  Surface  depressed  convex,  distinctly  and 
subequally  trilobate.    Length  and  width  as  one  and  five-tenths  to  one. 
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"Cephalon  semicircular  or  lunate,  margin  slightly  thickened  and 
deflexed,  produced  at  the  genal  angles  into  acute  spines.  Surface 
very  convex  in  normally  preserved  specimens;  depressed  in  the  usual 
state  of  preservation.    Length  to  width  as  one  to  two. 

"Facial  sutures  normal.  Glabella  subconate,  sides  broadly  tapering 
to  the  anterior  oxtremity,  where  it  is  closely  appressed  upon  the 
narrow  reflexed  margin.  Width  three-fourths  the  length.  Surface 
convex,  anterior  slope  normally  abrupt  or  vertical,  curving  posteri- 
orly and  becoming  horizontal  at  the  occipital  furrow.  Under  normal 
preservation  only  a  single  ])air  of  lateral  furrows  is  visible.  These 
are  the  fourth  or  basal  furrows  and  are  very  strong  and  deep,  taking 
their  origin  nearly  opposite  the  anterior  angle  of  the  eye  and  extend- 
ing to  the  occipital  furrow,  thus  forming  two  strong  conspicuous 
lobes.  Upon  casts  of  the  lower  surface  and  in  extremely  rare  in- 
stances  upon  the  dorsal  surface,  there  is  evidence  of  the  first,  second 
and  third  pair  of  furrows,  with  faint  indications  of  the  accesbory 
furrows.  Occipital  lobes  prominent;  occipital  furrow  narrow,  broadly 
bifurcating  about  the  occipital  lobes,  and  becoming  deeply  impressed 
and  broadened  upon  the  cheeks;  occipital  ring  broad  and  posteriorly 
convex,  narrowing  upon  the  cheeks.  Eyes  not  large,  lunate;  palpe- 
bral lobe  inconspicuous;  palpebral  sulcus  narrow  and  deep. 

**0heek8  deeply  grooved  about  the  orbit  of  the  eye,  and  abruptly 
(le|)res8ed  to  the  broad  marginal  sulcus. 

*'Thorax  su])rc(iangu]ar;  surface  convex  and  c(|ually  irilobati»; 
length  to  wi<lih  as  one  to  one  and  eight-tenths;  composed  <»f  ien  seg- 
ments Avhich  are  arched  upon  the  axis  and  considerably  elevated 
above  the  ph'urae,  obli(|uely  flattened  and  transverse.  Hie  pleurae 
arc  flattened  for  less  than  one-half  their  width  and  abru|)tly  defletded 
to  the  margin;  segments  sulcate  anterior  and  posterior  limbs  nearly 
equal,  the  former  l)ecorning  abruptly  obsolete  at  the  fulcrum. 

"rygidium  larg{»,  seniicdliptical  convex;  length  to  width  as  two  to 
thr(»e. 

"Axis  having  less  than  one-third  the  width  of  the  shield  u]»on  the 
anterior  margin,  and  ta])ering  to  a  l)lunt  termination  within  the 
hord(»r.  Annulations  thirteen  or  fourteen  with  an  anteri(»r  bend  near 
the  margins,  and  a  broad  curve  near  the  median  line:  in  most  indi- 
viduals  the  annulaticms  are  slightly  angulated  along  the  axial  line, 
each  sometimes  bearing  a  strong  tubercle. 

•^'Pleurae  depressed  in  a  more  or  less  abrupt  curve  to  the  margin, 
bearing  eleven  or  twelve  flattened  annulations,  which  are  separated 
by  moderately  strong  sulci.  Each  annulation  is  faintly  grooved  by 
a  fine  impressed  line,  which  is  sometimes  almost  or  quite  obsolete. 
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Border  broad,  becoming  excavate  and  slightly  reflexed  posteriorly; 
all  the  annulations  except  two  becoming  obsolete  upon  reaching  it. 
Doublure  broad,  reaching  to  the  termination  of  the  axis. 

"Surface  ornamentation. — The  cephalon  is  covered  with  low  tu- 
bercles which  become  obsolete  upon  the  anterior  j)ortion  of  the  gla- 
bella and  the  depressed  areas  of  the  cheeks.  Upon  the  thorax  and 
pygidium  each  segment  and  annulation  is  ornamented  with  granules; 
these  upon  the  latter  sometimes  appear  to  be  arranged  in  two  rows, 
one  upon  (»ach  limb  of  the  pleural  annulations.  In  rare  examples  a 
row  of  siiuill  tubercles  is  noticeable  along  the  axial  line  on  both 
thorax  and  pygidium,  beginning  with  a  faint  tubercle  upon  the  occip- 
ital ring,  the  next  being  at  the  third  or  fourth  segment  thence  back- 
ward, becoming  stronger  toward  the  apex  of  the  axis." 

The  glabella  and  pygidium  of  this  species  occurs  rather  abundantly 
in  the  limestone  at  Pipe  Creek  Falls.  The  specimens  seem  to  agree 
perfectly  with  Hall's  figures  and  descriptions  of  the  New  York  speci- 
mens. 

Horizon  and  locality. 

eTefTersonville  limestone;  Pipe  (-reek  Falls  and  Bunker  Hill. 


DALMANITE8. 

A.     Pygidium  having  two  or  more  spines  projecting  from  the  border. 

b.     Spines  on  border  of  pygidium  two  in  number.     Frontal  border  of 
the  cephalon  with  tooth-like  denticulations. 
c.     [lenticulations  eleven,  each  of  the  pleurae  of  the  pygidium 
with  ten  annulations,  genal  angles  produced  into  spines 
extending  to  fourth  or  fifth  thoracic  segment. 

D.  (OdontoeephalHs)  aegeria, 
CO.     Denticulations  nine,  each  of  the  pleura  of  pygidium  with 
eight  to  nine  annulations,  genal  angles  obtuse,  or  pro- 
duced into  minute  8j)ines.      D.  (Odontocephafus)  seienurutt. 
hi).     Spines  on  border  of   pygidium  more  than  two.     Frontal  border  of 
cephalon   without  tooth-like   denticulations.      Pygidium   with 
ten  or  more  spines  on  each  of  its  lateral  margins. 

D.  (Coronura)  aspeclarm, 
dd.     Pygidium  with  five  spines  on  each  of  its  lateral  margins. 
e.     Annulations  of  the  pleurae  not  sulcate,  spines  of 
pygidium  long  and  rounded. 

D.  {Cryphaeus)  pUunif. 
ee.     Annulations  of  the  pleurae  sulcate,  spines  of  pygi- 
dium not  very  long  and  somewhat  flattened. 
D.  {Cryphaeu^)  froo^Aivar.  calliteUs. 
AA.     Pygidium  not  having  two  or  more  s}.ines  projecting  from  the  border. 

f.     Pygidiam  with  a  row  of  short  spines  along 
summit  of  the  axis,  J),  calypso. 
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fT.     Pygidium  without  a  cow  of  spines  along^  the 
summit  of  the  axis, 
g.     Anuulations  on  the  pleurae  grooved 
from  end  to  end. 

D.  (Hauamannia)  pleuropiyx, 

gg.     Annulations  on  the  pleurae  grooved 

only  near  their  distal  extremities. 

D.  (CfKumopa)  anehiopM, 

DalmmiUes  (^Gryphaevs)  pleione  Hall  and  Clarke. 

Dalmanites  (Cryphaeus)  pleione  H.  &  C,  Pal.  N.  Y.,  Vol.  VII, 
1888,p.  41,PI.  16A,fig.  2. 

This  species  is  at  present  known  only  by  the  type  specimen,  a 
pygidium,  which,  according  to  Hall  and  Clarke,  closely  resembles 
the  pygidia  of  the  young  of  D.  boothi  var.  calliteles. 

Horizon  and  locality. 

Sellersburg  beds  ("Hydraulic  limestone");  Falls  of  the  Ohio. 

Dahnanitea  {Crypfuievs)  booUii  var.  calliteles  Green  (H.  and  C  ). 

PI.  XXXI,  fif8.  3,  4. 

1).  (Cryphaeus)  calliteles  H.  &  C,  Pal.  N.  Y.,  Vol.  VII,  1888,  p.  45, 
PI.  16,  figs.  5-22;  PI.  16A,  figs.  9-17. 

Only  ihree  or  four  imperfect  ccphala  of  this  species  have  been  seen. 
The  accompanying  iigurc  indicates  the  character  of  one  of  those 
fairly  well  except  that  the  axis  is  indicated  rather  wider  than  it 
should  be. 

My  collections  contain  about  twenty-five  pygidia.  The  pygidium  is 
subtriangular,  depressed,  with  elevate  axis.  Axis  with  about  twelve 
to  fourteen  annulations,  tapering  regularly  and  ending  abruptly  just 
within  the  posterior  border. 

Pleurae  having  each  i]\Q  strongly  sulcate  annulations;  the  posterior 
limb  of  each  becomes  obsolete  near  the  margin  Avhilc  the  anterior 
limb  is  produced  beyond  the  margin  in  a  slightly  flattened  spine. 
A  spine  somewhat  ^^borter  and  broader  tban  the  others  is  produced 
from  the  posterior  extremity. 

The  thorax  has  not  been  observed. 

This  trilobite  has  been  found  at  onlv  one  localitv,  where  it  is  abun- 
dant. 

Formation  and  locality. 
JefFersonville  limestone;  Little  Rock  Creek,  Cass  County. 
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Dalmanitea  (^Chasmops)  anehiops  (Green). 

PI.  XXXI.  figs.  2,  2*.  2b. 

D.  (Chasmops)  anchiops  Hall,  Pal.  N.  Y.,  Vol.  VII,  1888,  p.  59, 
PI.  9,  figs.  1-6, 10, 12, 13;  PL  10,  figs.  1-14. 

Pygidium  subtriangular,  rather  depressed.  Posterior  extremity  pro- 
duced, curving  slightly  upward,  terminating  in  a  sharp  spine.  Axis 
having  less  than  one-half  the  width  of  one  of  the  pleurae  at  the 
anterior  extremity,  tapering  regularly  to  the  low  rounded  posterior 
extremity;  the  axis  is  composed  of  fourteen  broad  transverse  annula- 
tions.  Pleurae  divided  into  ten  broad  flattened  annulations  which 
extend  nearly  to  the  margins;  the  annulations  are  finely  grooved  for 
about  one-third  their  length  near  the  margin  of  the  pleurae.  The 
annulations  are  separated  by  interspaces  having  less  than  one-half 
their  own  width.  The  surface  of  the  annulations  of  the  pygidium  are 
rather  coarsely  granular. 

The  above  is  a  description  of  a  pygidium  in  Mr.  Green's  collection. 
This  species  is  comparatively  rare;  it  has  not  been  observed  in  nor- 
thern Indiana. 

Formation  and  locality. 
Jeffersonville  limestone;  Falls  of  the  Ohio  and  Utica. 


Dalnianites  (Chasmaps)  calypso  H.  and  C. 

PI.  xxx,  fig.  3. 

D.  (Chasmops)  calypso  H.  &  C,  Pal.  N.  Y.,  Vol.  VII,  1888,  p.  64, 
PI.  11a,  figs.  19-22. 

Pygidium  wide,  subtriangular,'  axis  much  elevated  above  the 
pleurae. 

Axis  sharply  angulated  upon  the  median  line,  sides  appressed;  com- 
posed of  thirteen  closely  set  transverse  annulations,  each  with  a  short 
spine  or  spinose  node  at  the  summit. 

Pleurae  rather  broad,  moderately  convex  toward  the  anterior  end, 
sloping  abruptly  from  the  axis  to  the  margin  posteriorly;  annulations 
flattened,  twelve  in  number  and  distinctly  grooved;  border  wide. 

The  pygidium  here  figured  and  described  is  the  only  representative 
of  this  species  which  I  have  seen;  it  belongs  to  Mr.  0.  K.  Green. 

Formation  and  locality. 
Sellersburg  beds;  Charlestown. 


i 
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DcUmaniteB  {Odontocephalua)  sdenurus  (Hall  and  Clarke). 

D.  (Odontocephalus)  selenunis  H.  &  C,  Pal.  N.  Y.,  Vol.  VII,  1888, 
p.  49,  PI.  IIB,  figs.  15-21;  PI.  12,  figs.  1-13. 

This  species  is  represented  in  collections  belonging  to  the  U.  S. 
Geol.  Surv.  which  were  made  by  the  writer  but  which  are  not  now 
accessible. 

Formation  and  locality. 
Joflfersonville  limestone;  Falls  of  the  Ohio. 

Dalmanates  (Coronurd)  aspedans  Conrad  (Hall  and  Clarke). 

Asaphus  aspectans  Con.,  Fifth  Ann.  Rep.  Pal.  N.  Y.,  1841,  p.  49, 
fig.  9. 

Dalmanates  ohioensis  Meek,  Proc.  Acad'y  Nat.  Sci.  Phil.,  1871, 

p.  91. 

D.  (Coronura)  aspectans  (H.  &  C),  Pal.  N.  Y.,  Vol.  VIT,  1888, 
p.  33,  PL  13,  figs.  1-11,  13. 

Conrad's  original  description. — "A  small  portion  of  the  buckler  and 
one  eye  only  is  visible,  but  the  eye  is  of  extraordinary  height,  the 
margins  parallel,  and  the  lenses  arranged  in  parallel  longitudinal 
lines,  small  and  very  numerous." 

This  species  is  reconled  by  Hall  and  Clarke  from  the  "Corniferous 
limestone"  at  the  I'alls  of  the  Ohio.    T  have  not  observed  it. 

Dcdmanites  (Ha'*i8inannia)  phuropiyx  Greeu  (Hall?). 

1).  (Hausmannia)  pleuroplyx  Hall,  Pal.  N.  Y.,  Vol.  VII,  1888, 
p.  28,  PI.  11a,  figs.  1-3. 

Two  pygidia  are  referred  with  some  doubt  to  this  species. 

Form  siibtriangular,  ilaileiied  or  slightly  convex. 

Axis  regularly  tapering  to  a  low  rounded  termination,  and  com- 
posed of  from  IT)  to  19  transverse  annulations.  The  pleurae  are 
broad,  rather  llai  on  top  and  rounding  somewhat  abruptly  to  the 
margins.  '^I'lie  annulaiicms  are  thirteen  in  number,  grooved  from  the 
axis  to  the  margin,  and  rather  stnmgly  curved  near  their  distal  ex- 
tremities towards  the  posterior  end  of  the  pygidium.  The  interspaces 
separating  the  annulations  usually  equal  and  sometimes  exceed  the 
width  of  the  latter.  Hie  last  five  or  six  annulations  are  directed  very 
strongly  biu-k wards.  11ie  surface  of  the  pygidium  is  rather  finely 
granulose. 

Formation  and  locality. 
Jeflfersonville  limestone;  Falls  of  the  Ohio. 
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DalmanUes  (Odantocephalvs)  cBgeria  Hall. 

PI.  XXXI.  fig.  6. 

Cephalon. — Outline  as  shown  in  the  drawing.  Border  rather  broad, 
nearly  horizontal  in  front,  sloping  rather  steeply  downwards  at  the 
sides.  The  portion  between  the  ends  of  the  facial  sutures  is  com- 
posed of  eleven  tooth-like  processes  which  gradually  decrease  in  size 
away  from  the  median  process;  these  processes  are  constricted  at 
their  bases,  but  widen  towards  the  front  so  that  their  outer  margins 
are  in  contact;  partial  exfoliation  shows  the  walls  of  these  finger-like 
processes  to  be  double. 

The  glabella  is  subpentagonal,  gently  convex,  sloping  rapidly 
downwards  toward  the  front.  Surface  minutely  punctate.  First 
lateral  furrow  oblique.  First  and  second  lateral  lobes  large  and 
elevated.  Axial  portion  of  the  glabella  between  anterior  lateral 
lobes  rounded  and  depressed.  Occipital  furrow  narrow,  moderately 
deep. 

Eyes  elevated  above  any  other  portion  of  the  head;  from  the  genal 
angles  they  present  the  outline  of  a  nearly  perfect  truncated  cone; 
the  visual  surface  covers  about  three-fourths  of  the  lateral  surface  of 
the  cone.  Palpebral  lobe  greatly  depressed;  palpebrum  not  promi- 
nent; lenses  arranged  in  regular  vertical  lines  and  numbering  about 
110. 

(•hecks  flattened,  separated  from  the  eyes  by  a  flat  narrow  terrace 
at  the  top.  A  shallow  furrow  extends  from  the  anterior  angle  of  the 
eye  to  the  anterior  lateral  angle  of  the  glabella,  thence  round  the 
front  of  the  glabella. 

This  species  is  represented  in  Mr.  ({reen's  collection  by  a  single 
cephalon  which  is  the  only  specimen  which  I  have  seen.  It  is  referred 
to  D.  aegeria  rather  than  to  D,  selenurus  bec^ause  the  front^il  denticu- 
lations  agree  in  number  with  those  in  the  former  species.  The  parts 
which  should  show  the  other  points  of  difference  between  these  two 
closely  related  species  are  not  [)reserved. 

Forma  lion  and  locality. 
Jeffersonville  limestone;  Falls  of  the  Ohio. 

Ccdtpnene  plcUys  Green. 

C.  i)latys  Hall,  Pal.  N.  Y.,  Vol.  VIT,  1888,  p.  1,  PI.  1,  figs.  1-9;  PI. 
25,  fig.  1. 

This  species  has  not  been  observed  by  me.  It  is  reported  by  Hall 
and  Clarke  from  the  "Upper  Helderburg^*  at  the  Falls  of  the  Ohio. 
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lAcfuu  sp. 

PI.  XXXI,  fig.  6. 

The  collection  of  Mr.  Green  contains  fragments  of  the  cephalon 
and  genal  spines  of  a  Lichas  which  may  belong  to  L.  (Conolichas) 
eriopis.  The  genal  spine  is  closely  studded  on  the  upper  surface  and 
posterior  with  short  strong  spines,  and  on  the  anterior  margin  with 
numerous  small  tubercles. 

Formation  and  locality. 
Jeflfcrsonville  limestone;  Falls  of  the  Ohio. 


ON  A  SMALL  COLLECTION  OF  BATRACHIANS  WITH 
DESCRIPTIONS  OF  TWO  NEW  SR 


By  W.  S.  Blatchley. 


While  collecting  moUusca  in  southeastern  Tennessee  in  the  sum- 
mer of  1900,  Mr.  L.  E.  Daniels  of  I^porte,  Indiana,  picked  up  six 
specimens  of  salamanders  and  placed  them  in  a  flask  of  alcohol  which 
by  chance  he  had  with  him.  A  few  months  after  his  return  he  kindly 
presented  the  specimens  to  me,  and  on  examining  them  carefully  I 
was  agreeably  surprised  to  find  four  species  represented,  of  which  two 
are  evidently  undescribed. 

After  sending  specimens  to  Washington,  D.  C,  for  comparison  with 
the  known  types  represented  in  the  Smithsonian  Institute,  and  hav- 
ing my  surmises  as  to  the  undescribed  species  verified,  I  have  con- 
cludcMl  to  publish  the  descriptions  in  this  connection.  The  species 
n^presented  in  the  collection  were  as  follows: 

Desmognathub  nigra  (Green). 

One  specimen  of  this  large  black  salamander  was  taken  and 
several  others  seen.  According  to  Cope  "it  is  abundant  in  the 
streams  of  the  rocky  ravines  and  cold  springs  in  the  remostest 
depths  of  the  forests  of  the  Alleghany  Mountain  ranges  from 
Pennsylvania  southwards.  It  seeks  concealment  with  great  ac- 
tivity under  loose  stones  and  slabs  of  slate  and  is  not  easily  cap- 
tured. Sometimes  it  snaps  fiercely  but  harmlessly  and  throws 
its  body  into  contortions.''  The  specimen  at  hand  has  the  ground 
color  of  bluish-black,  broken  on  the  lower  surface  in  front  of 
gular  fold,  and  on  sides  from  posterior  border  of  eye  to  front 
limb,  by  numerous  small  dots  and  splotches  of  brownish  yellow. 
Otherwise  it  agrees  with  Cope's  description.* 

Its  measurements  are  a«  follows:  Total  length,  143  mm;  snout 
io  posterior  end  of  cloaca,  82  mm;  snout  to  gular  fold,  21.5. mm; 
width  of  head,  14  mm;  distance  from  axil  to  groin,  53  mm. 

"  Batraohia  of  N.  Am.,  p.  198.  ,     .  ■ 

a59) 
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Spslerpes  sp.  ? 

A  single  specimen  of  a  small  SpeUrpes  which  resembles  S. 
ruber  Daudin  in  form  and  in  arrangement  of  vomero-palatine 
teeth,  and  S.  maculicaudiLS  Cope  in  color,  was  in  the  collection. 
The  ground  color  is  bright  orange-yellow  which,  on  the  top  and 
sides  of  the  head,  body  and  basal  third  of  tail,  is  irregularly 
spotted  with  numerous  small  black  dots.*  The  margins  of  both 
jaws  are  also  almost  covered  with  elongated  black  spots.  With 
this  latter  exception  the  color  is  the  exact  facsimile  of  that  of 
^^  macuUcaudus.  The  tail,  however,  is  strongly  compressed 
throughout  its  full  length  and  is  much  shorter  proportionally 
than  in  maculiravdus. 

Measurements:  Total  length,  78  mm;  snout  to  cloaca,  49  nun; 
snout  to  gular  fold,  10  mm;  width  of  head,  8  mm;  distance  from 
axil  to  groin,  31  mm. 

It  is  impossible  to  say  just  where  this  specimen  belongs.  It 
may  be  an  immature  form  of  S.  ruber.  If  so  the  spots  become 
larger  and  more  numerous  in  the  adult.  It  may  be  the  young  of 
the  next  species,  but  the  position  of  the  parasphenoid  teeth 
which,  in  the  specimen  at  hand,  are  nearly  contiguous,  would 
seem  to  disprove  this.  The  ground  color  is  also  much  lighter  and 
the  spots  more  numerous. 

SpELERPBS  DANIKL8I   Sp.  DOV. 

Ci  roups  with  ^^  ruber  Daudin  but  differs  from  that  species  in 
the  much  greater  distance  separating  the  series  of  parasphenoid 
teeth;  in  the  larger  and  more  depressed  lie^id;  in  the  |)resencc 
of  prominent  subnareal  pro<'esses,  and  in  color;  the  entire  dorsal 
surface  to  middle  of  sides  being  (after  immersion  in  alcohol)  a 
light  chocolate*  brown  with  fewer  and  more  widely  scattered 
black  spots  than  in  ruber,  the  throat  reticulate  with  black,  the 
remainder  of  the  under  surface  light  brownish  gray,  immaculate. 

Palatine  teeth  originating  ])ehind  and  extending  outward  be- 
yond the  inner  nares;  forming  an  abrupt  rectangle  and  continu- 
ous with  the  parasphenoid  series;  the  latter  strictly  parallel  and 
separated  throughout  their  full  length  by  a  space  almost  2  mm 
in  width,  or  more  than  twice  the  width  of  each  patch  of  teeth. 
Head  wider  and  more  depressed  than  in  ruber:  the  greatest  width 
contained  1.30  times  in  distance  from  tip  of  lower  jaw  to  gular 
'fold.     Anteorbital  ridges  prominent;  the  interorbital  space  dis- 


*TheM  dota  art  muoh  tmaUer  aod  more  widtly  toatUrtd  than  in  typical  fptcimeni  of 
8.  ruber  Daudin. 
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tinctly  wider  and  the  snout  longer  and  broader  than  in  speci- 
mens of  niber  of  the  same  size.  Upper  jaw  slightly  overlapping 
the  lower  and  bearing  on  its  margin  immediately  below  each  nos- 
tril a  tubercle  which  is  connected  with  the  nostril  by  a  slit  at 
right  angles  to  the  nasal  opening.* 

Body  subcylindrical,  elongate,  its  length  4.3  times  the  distance 
from  tip  of  snout  to  gular  fold.  Tail  shorter  than  body,  its  distal 
two-thirds  strongly  compressed  and  bearing  an  acute  mem- 
branous flap  or  keel  along  the  median  line  of  its  dorsal  surface 
Tiimbs  comparatively  short,  weak;  when  appressed  lacking  7^ 
intercostal  spaces  of  meeting.  Digits  unwebbed;  the  third  finger 
half  as  long  again  as  the  second  and  fourth,  which  are  of  equal 
length;  the  third  toe  slightly  longer  than  the  fourth,  and  twice 
as  long  as  the  second  and  fifth,  which  are  equal.  Gular  fold  dis- 
tinct; costal  grooves  16,  including  the  one  in  axil.  Skin  of  back 
and  lower  surface  smooth;  that  of  the  intercostal  spaces,  and 
sides  and  under  part  of  head,  thickly  beset  with  shallow  pits. 

Ground  color  of  dorsal  surface  of  entire  body  a  light  chocolate 
brown,  bearing  widely  scattered,  irregular  shaped  dots  of  black, 
except  on  distal  two-thirds  of  tail  where  they  are  lacking.  On 
the  infdclle  of  sides  the  chocolate  brown  gives  way  to  a  light  gray- 
ish brown  or  putty  color,  which  is  immaculate  except  in  front  of 
the  gular  fold,  where  there  are  many  spots  and  reticulations  of 
black  on  the  throat  and  margins  of  both  jaws.  In  one  of  the 
specimens  the  ground  color  of  the  lower  half  of  intercostal 
sj)aces  is  broken  with  many  small  yellowish  points  and  dots. 

Measurements  of  larger  specimen:  Total  length,  160  mm; 
snout  to  posterior  end  of  cloaca,  95  mm;  snout  to  gular  fold,  18 
]nin:  width  of  head,  12.5  mm;  length  of  fore  limb,  17.5  mm;  of 
hind  limb,  19.5  mm;  of  tail,  65  mm;  distance  from  axil  to  groin, 
62  mm. 

It  was  at  first  thought  that  this  might  be  the  S.  ruber  monianus 
of  Kaird,  but  Dr.  L.  Stejneger,  of  the  Smithsonian  Institute, 
to  whom  one  of  the  specimens  was  sent  for  comparison  with  typi- 
cal examples  of  that  form,  writes:  ^'Your  specimen  is  certainly 
not  8.  monianus,  as  one  of  the  essential  characters  of  that  form 
is  the  excessively  close  approximation  of  the  two  rows  of  para- 
sphenoid  teeth  on  the  median  line;  whereas  your  specimen  has 
them  more  apart  than  any  one  in  our  large  series.'^ 


^These  sabnareal  prootMti  art  whoUj  wantinv  in  iS.  rt/^,  S.  tongicaudui  (Grtta)  and 
S,  bilinratua  (Qreen)*  bat  are  quitt  prominent  in  the  adaltt  of  S.  maeHlietntdut  (Gop«). 
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Two  specimens  are  in  the  writer's  collection  from  Sevier 
County,  Tennessee,  collected  by  Mr.  L.  E.  Daniels,  to  whom  I 
dedicate  the  species. 

PlETHODON  JORDANI  Sp.  DOV. 

Allied  to  P.  glutinosus  (Green)  in  form,  size,  and  arrangement 
of  palatine  and  parasphenoid  teeth,  but  differing  from  that  spe- 
cies by  possessing  longer  and  more  slender  digits,  and  in  color; 
the  bluish-white  blotches  and  spepks  of  qlutinosus  being  wholly 
.  laoking,  and  an  orange  yellow  bar  being  present  on  the  sides  of 
head  and  neck. 

The  series  of  palatine  teeth  extend  slightly  outward  beyond  the 
inner  nares  and  are  separated  medially  from  each  other  by  a 
short  interspace  and  from  the  parasphenoid  series  by  a  little 
longer  one;  the  parasphenoid  patches  contiguous  along  the 
median  line.  Head  distinctly  wider  than  body;  proportionally 
shorter,  broader  and  more  depressed  than  in  glutinosus;  more 
distinct  from  the  body  than  in  that  species;  the  greatest  width, 
at  angle  of  jaws,  contained  1 .3  times  in  distance  from  tip  of  lower 
jaw  to  gular  fold.  Snout  sbort  and  blunt.  Body  sub-cylindrical, 
elongate,  its  length  3.8  times  the  distance  from  tip  of  snout  to 
gular  fold;  more  doprossed  anteriorly  than  in  glufinosv^.  Tail 
slightly  longer  than  head  and  body,  the  proximal  third  cylindri- 
cal, the  distal  two-thirds  slightly  compressed  and  tapering  gradu- 
ally io  the  pointed  tip.  Limbs  relatively  weak,  when  appressed 
lacking  two  intercostal  spares  of  meeting;  the  digits,  when  com- 
pared with  those  of  ghitivosus,  notably  long  and  slender;  the 
third  finger  perceptibly  longer  than  the  second  (4  mm  in  length); 
the  third  and  fourth  toes  equal  (almost  5  mm)  in  length,  the 
webbing  at  base  thinner  and  less  evident  than  in  glutinosus. 
(lular  fold  distinct;  cost-al  grooves  11.  Mucous  pores  of  back  and 
sides  less  numerous  and  smaller  than  in  glutinosus. 

Color,  after  immersion  in  alcohol,  bluish  black,  immaculate 
except  on  sides  of  head  and  neck  where  a  brownish-red  (in  life, 
according  to  Mr.  Daniels,  orange  yellow)  band,  '6\  to  4  mm  in 
width,  extends  from  posterior  border  of  orbit  to  gular  fold. 
Lower  side  of  head  paler,  perhaps  with  a  yellowish  tinge  in  life. 

Measurements  of  larger  specimen:  Total  length,  124  mta; 
siioul  to  posterior  end  of  clofvca  67  nmi;  snout  to  gular  fold,  14 
mm;  width  of  head,  10  mm;  length  of  fore  limb,  1(1.5  mm;  of 
liind  limb,  19.5  mm;  of  tail,  64  mm;  dist-ance  from  axil  to  groin, 
37  mm. 
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Two  specimens  in  the  writer's  collection,  from  Sevier  County, 
'  Tennessee. 

To  Dr.  David  S.  Jordan,  President  of  Stanford  University, 
California,  who  first  guided  my  wandering  footsteps  into  the 
highways  and  byways  of  scientific  research,  this  handsome  species 
of  salamander  is  respectfully  inscribed. 

Since  the  above  was  in  print  I  have  learned  from  Mr.  Daniels 
that  the  specimens  mentioned  were  taken  on  the  side  of  Mt. 
Collins  and  at  Indian  Pass,  at  an  altitude  of  3,000  to  5,000  feet. 
Both  of  the  new  species  were  observed  a  number  of  times  on 
the  way  from  Thunder-head  Mountain,  Blount  County,  to  Indian 
Pass,  and  a  dozen  or  more  individuals  of  each  could  have  been 
taken.  They  were  found  beneath  old  nioss-covered  logs,  usually 
at  soiiuj  distance  from  water. 
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Fig.    1.     Lingvla  ipattdata 572 

Pedicle  valve  (?). 

New  Albany  shale;  Falls  of  the  Ohio. 

Fig.    2.     Sckizobobm  concentricui 573 

Exterior  of  brachial  valve. 

New  Albany  shale ;  Falls  of  the  Ohio. 

Fig.    3.     Schizobolus  eoneentriem 573 

Pedicle  valve. 

New  Albany  shale;  Falls  of  the  Ohio. 

Fig.    4.     Orbiculoidea  lodiensU  f 573 

Cast  of  pedicle  valve. 
Falls  of  the  Ohio. 

Fig.    5.     Leiorhynch\L9  quadrieoatcUa 571 

Dorsal  valve  of  a  crushed  specimen'. 
New  Albany  shale  ;  I^xington. 

Fig.    5a.     Leiorhynchu8  quadricoatata  f 571 

Interior  cast  of  pedicle  valve. 
New  Albany  shale;  Lexington. 

Fig.    6.     Strapheodonta  sp 574 

Exfoliated  ventral  valve. 
New  Albany  shale ;  Delphi. 

Fig.    7.     Ohonetes  lepidus 572 

Ventral  valve. 

New  Albany  shale;  Kelt's  Mill,  Jennings  County. 

Fig.    8.     Paleoneilo  sp 574 

View  of  a  cast  of  the  interior  of  left  valve. 

Fig.    8a.     Cardinal  view  of  the  same. 

New  Albany  shale;  Delphi. 

Fig.     9.     Pli'thospira  HociuliK  f 575 

Cast  of  the  interior. 

New  Albany  shale  ;   Del[)hi. 

Fig.  10.      Macrochilina  ?  sp 576 

Cast  of  tlie  interior. 

New  Albany  shale;  Delphi. 

Fig.  11.      Phuruiomana  .•»/) 575 

New  Albany  shale;  Delphi. 

Fig.  1 2.     Strajinrollus  sp 57g 

A  pyritized  and  partially  exfoliated  specimen. 
New  Albany  shale;  Delphi. 
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Fig.  1.     Ooniatiies  delphiensU  n.  sp 577 

Side  view  of  type  specimen  showing  mass  of  pyrites  attached. 

Fig.  la.     Peripheral  view  of  the  same. 

New  Albany  shale ;  Delphi. 

Fig.  2.     OoniatUes  delphiensis  n.  sp 677 

View  of  specimen  showing  weak  transverse  ridges. 
New  Albany  shale;  Delphi. 

Fig.  3.     Oonialites  delphiensis  n.  sp 577 

Specimen  showing  transverse  ridges  only  on  the  inner  whorls. 
New  Albany  shale ;  Delphi. 

Fig.  4.     GoniatUes  ivabashewtis  n.  sp 577 

Lateral  view  of  type  specimen. 

Fig.  4a.     Ventral  view  of  the  same. 

New  Albany  shale;  Delphi. 

Figs.  ^-7.     SpathiocarU  emersoni 579 

New  Albany  shale;   Delphi. 

Fig.  8.     Orthoceras  »p 578 

New  Albany  shale;  Delphi. 

Fig.  9.     Styliola  fissureila 576 

New  Albany  shale  ;  Scipio. 
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Fig.    I.     Crania  creniMria 681 

£xterior  of  upper  valve. 

Jefferson ville  limestone;  Falls  of  the  Ohio. 

Fig.    2.     Crania  sheldoni 581 

Exterior  view  of  upper  valve. 
Sellersburg  beds;  Charlestown. 

Fig.    3.     Crania  (jranosa 581 

Exterior  view  of  upper  valve. 
Jefiersonviile  limestone ;  Falls  of  the  Ohio. 

Fig.    4.     Pholidops  sp 680 

Exterior  of  upper  valve. 
JefTersonville  limestone;  Bunker  Hill. 

Fig.    5.     CranieUa  hamxHonivc 582 

Interior  of  upper  valve,  showing  muscular  scars. 
JefTersonville  limestone;  Falls  of  the  Ohio. 

Fig.    6.     CranieUa  hamiltonitr 582 

Profile  view  of  upper  valve. 
JefTersonville  limestone;  Bunker  Hill. 

Fig.    7.     OrlneiUoidea  doria 579 

Three  individuals  attached  to  Sp.  granuiosut.     A  lower  valve 
is  shown  on  the  left,  and  upper  valve  on  the  right  side  of 
the  figure. 
Sellersburg  beds;  Charlestown. 

Fig.    8.     Crania  sp 582 

Interior  view  of  ventral  valve. 
Sellersburg  beds;  Charlestown. 

Fig.    9.     Orbiculoidea  ampla 

View  of  an  interior  cast  of  the  upper  valve. 
Sellersburg  beds;  Charlestown. 

Fig.  10.     Orbiculoidea  ampla 

Lower  valve. 

SellerHbur^  beds;  Charlestown. 

Fig.  11 .     Schizn(j/ioi{(i  .^liififnlu 626 

Fig.  11a.    Ventral  view  of  the  Kanie. 

Sellersburg  beds,  Clark  County. 

Fig.  1*2.     Rh\p}d(>meU(t  huco^id 624 

Ventral  valve. 

Sellersburg  beds;  Charlestown. 

Fig.  1  '^.     lihipidomella  hurn,-<i(i 624 

Exterior  view  of  ventral  valve. 

Fig.  l.Sa.   Interior  view  of  same. 

Sellersburg  beds;  Charlestown. 

Fig.  14.      RhipidomrUd  ranurrmi 622 

Exterior  view  of  brachial  valve. 
Sellersburg  beds;  Charlestown. 
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P«ge. 

Fig.    1 .     Rhipidomella  vanuremi 622 

Cardinal  view. 

Fig.    1  a.     V^entral  view  of  the  same. 

Selleraburg  beds ;  Charlestown. 

Fig.    2.     Rhipidomella  txinuxemi 622 

Interior  of  brachial  valve. 
Sellersburg  beds;  Charlestown. 

Fig.    3.     Rhipidomella  vanuxemi 622 

Interior  of  pedicle  valve. 

Fig.    3a.     Interior  of  pedicle  valve  of  another  individual. 
Sellerslnirg  beds ;  Charlestown. 

Fig.    4.     Rhipidomella  livia 624 

View  of  brachial  valve. 
Sellersburg  beds;  Charlestown. 

Fig.    5.     Leptiena  rhomboidalis 593 

Fxterior  of  pedicle  valve  partially  exfoliated. 
Sellersburg  beds ;  Charlestown. 

Chonetes  areuatufi 601 

Pedicle  valve. 

Pedicle  valve  of  another  speoinien. 

Jefiersonville  limestone;  Paris  Crossing. 

ChoneteA  coronaius 502 

Pedicle  valve. 

Sellersburg  beds;  Charlestown. 

ChontU't  jjandf'lhniat g()5 

Pedicle  valve. 

View  of  brachial  valve  and  cardinal  area  of  same. 
Sellenfburg  beds;  Falls  of  the  Ohio. 

Chonetes  viaJiifobiensis 600 

View  of  brachial  valve. 

Sellersburg  beds;  Little  Rock  Creek,  Cass  County. 

Fig.  10.     C/ionfte.'^  munitohieimA 600 

View  of  pedicle  valve. 

Sellersburg  beds;  Little  Rock  Creek,  (\i*>s  County. 

Fig.  1 1 .      Choutt€.<  unirmndtiix 606 

Pedicle  valve. 

.JefTersonville  limestone;  Kails  of  the  Ohio. 

Fig.  1-.     Sdopheodonta  iuffjnistridtd  / 621 

Pedicle  valve. 

Jeffersonville  limestone;  Pipe  Creek  Falls. 

Fit?.  13.     Stropheodonto  innjuintriata 621 

Pedicle  valve. 

Jeffersonville  limestone;  Pipe  Creek  Kallp. 


Fig. 

6. 

Fig. 

6a. 

Fig. 

7. 

Fig. 

8. 

Fig. 
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Fig.  1 .     Stroph(:odo7ita  concava 619 

View  of  cast  of  the  interior  of  pedicle  valve  showing  muscular 
scars  and  impressions  of  hinge  teeth. 

Fig.  la.     Cardinal  view  of  same. 

Jefferson ville  limestone ;     Jefferson  County. 

Fig.  2.     Stropheodonta  concava 619 

Interior  of  brachial  valve. 

Jeffersonville  limestone;  Pipe  Creek  Falls. 

Fig.  3.     Stropheodonta  perplana 618 

Interior  of  pedicle  valve  showing  muscular  scars  and  cardinal 

area. 
Jeffersonville  limestone;  Falls  of  the  Ohio. 

Fig.  4.     Stropheodonta  perplana 618 

Interior  of  a  portion  of  the  brachial  valve  showing  cardinal 

process. 
Jeffersonville  limestone;  Falls  of  the  Ohio. 

Fig.  5.     Stropheodonta  perplana 018 

Exterior  of  the  j)ediole  valve. 

Jeffersonville  limestone;  Little  Rook  Creek,  Cass  County. 

Fig.  6.     Stropheodonta  perplana 618 

Exterior  of  small  individual. 
Jeffersonville  limestone;  Newborn. 

Fi^.  7.     Stropheodonta  prrplana 618 

View  of  a  natural  i-ast  of  the  interior  of  brachial  valve. 
Jeffersonville  limestone;  Falls  of  the  Ohio?. 
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Fig.    1.     Stropheodonta  concava • 619 

Interior  view  of  a  partially  exfoliated  pedicle  valve. 
Jeffersonville  limestone ;  Little  Rock  Creek,  Cass  County. 

Fig,    2.     Stropheodonta  pliaita 618 

Pedicle  valve. 

Jefferson ville  limestone;  Falls  of  the  Ohio. 

Fig.    3.     Orthothetes  chemangensU  var.  arctoslriatius 593 

View  of  wax  cast  of  pedicle  valve. 

Fig.    4.      Tropidoleptut  carinatus 595 

Exterior  of  pedicle  valve. 
Sellers  burg  beds;  Lexington. 

Fig.    5.     Tropidoleptus  carinaiua 595 

Pedicle  valve. 

Sellersburg  beds;  Cbarlestown. 

Fig.    6.     PhoHdostrophxa  iowaensis 690 

Interior  of  pedicle  valve. 

.JefTerBonville  limestone;  Falls  of  the  Ohio. 

Fig.    7.     Pholido»trophia  ioxvaensis 590 

Exterior  of  brachial  valve. 

.JefTerson ville  limestone;  Falls  of  the  Ohio. 

Fig.    8.     PholidoMvophia  iovaennis 590 

Exterior  of  brachial  valve. 
Sellersburg  beds;  Charlestown. 

Fig.    9.     Productella  spinuHcosta       629 

Exterior  of  pedicle  valve  showing  spines. 

Fig.    9a.     Exterior  of  brachial  valve  of  the  same. 
Sellersburg  beds;  Charlestown. 

Fig.  10.     Atrypa  reticularis  var 598 

Pedicle  valve. 

Sellersburg  beds;  Charlestown. 

Fig.  1 1 .     Atrypa  spiiiom 599 

Brachial  view. 

Jeffersonville  limestone;  Falls  of  the  Ohio. 

Fig.  12.      Gypidu/a  rmninyeri  var.  indianeiv^ia  n.  var 653 

Brachial  valve. 

Fig.  12a.     Pedicle  valve  of  the  same. 

.TefTerfion ville  limestone;  Falls  of  the  Ohio. 
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Fig.     1 .     Pentamarella  pavillionenaift 612 

Pedicle  view. 

Fig.    la.    Profile  view  of  the  same. 

Sellereburg  beds;  Charlestown. 

Fig.    2.     Pentamarella  araia 615 

Pedicle  valve. 

JefieraoDville  limestone;  BuDker  Hill. 

Fig.    3.     Cydorina  nohUis 683 

Brachial  view  of  a  partiallj  exfoliated  specimen. 
JefiersoDville  limestone;  Bunker  Hill. 

Fig.    4.     Camarotachia  sappho 584 

Brachial  view. 

Fig.    4a.    Front  profile  view  of  the  same. 

Fig.    5.     Rhynchonella  de.preasa  n.  sp 589 

Brachial  view. 

Fig.    5a.    Pedicle  view  of  same. 

Fig.    5b.    Profile  view  of  same. 

Jefiersonville  limestone;  Bunker  Hill. 

Fig.    6.     RhynehoneUa  louisvillensis  f 587 

Pedicle  valve. 

Sellerbburg  beds;  Charlestown. 

Fig.    7.      Rhynchonella  tennxMriala  f 588 

Brachial  valve. 

Sellersburg  beds;  Charlestown. 

Fig.    8.     Camarotffchia  nilida  n.  sp 580 

Brachial  valve. 

Fig.    8a.    Profile  view  of  the  same. 

Jeffersonville  limestone;  Little  Kock  Creek,  Cass  County. 
Fig.     0.      Rhynchonella  gainesi 5^7 

Brachial  valve. 

Fig.    9a.    Pedicle  valve  of  the  same. 

Fig.    Ob.    Profile  view  of  the  same. 

Jefiersonville  limestone  ;  Bunker  Mill. 

Fig.  10.     Rhynchrmrlla  (/ain*\''i  var.  c«t.«<^rn.s{s  n.  var 588 

Pedicle  valve. 

Fig.  10a.    Profile  view  of  the  same. 

Fig.  1 1.      Reticularia  jiuibnata 65  j 

Brachial  valve. 

Sellersburg  beds;  Charlestown. 
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Fig.  1.     Spiri/er  pennaius 649 

Pedicle  valve  of  a  typical  specimen. 
Locality  ? 

Fig.  2.     Spiri/er  p*mnatu8 549 

Pedicle  valve  partially  exfoliated. 

Fig.  2a.    Brachial  valve  of  another  individual. 

Sellersburg  beds;  Little  Bock  Creek,  Cass  Co. 

Fig.  3.     Spirifer  macra 650 

Pedicle  valve. 

Fig.  3a.    Pedicle  valve  of  another  individual. 

Fig.  3b.   Brachial  valve. 

Fig.  3c.    Cardinal  view  of  same. 

Sellersburg  beds;  Charlestown. 

Fig.  4.     Spirifer  nudnrulus 646 

Brachial  view  showing  cardinal  area  of  apical  valve. 
Sellersburg  beds ;  Watson. 

Fig.  6.     Spiri/er  diiaric.ntus 634 

Pedicle  valve. 

Fig.  oa.   Cardinal  area  of  pedicle  valve  and  spiral  cones  which  are  calcified. 

Fig.  6.     Spirifer  (picri 638 

Profile  view. 

Jeflersonville  limestone;  Falls  of  the  Ohio. 
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Fig.     1 .     Spirifor  aeuminatus 035 

View  of  spiral  cones. 

Jefferson ville  limestone;  Jefferson  County. 

Fig.    2.     Spinfer  yninulosuB (^Q 

View  showing  spiral  cones  enlarged  hy  an  incrustation  of  silica. 

Fig.    2a.  View  of  another  individual  showing  brachial  cones;    the  apical 

portion  of  right  cone  is  free  from  silica. 

Fig.    2b.  Cardinal  view  of  another  individual. 
Sellershurg  beds;  Charlestown. 

Fig.    3.     Spiri/er  rariciisun 54^ 

View  of  brachial  cones. 
Sellersburg  beds;  Charlestown. 

Fi^.    4.     Atrypa  rttinilari* 593 

Cardinal  view  showing  apical  cones  and  a  portion  of  brachial 
valve. 

Fig.    5.     Spinfer  varicosxis 544 

Cardinal  view. 

Fig.    5a.  Ventral  view  of  the  same. 

Sellersburg  beds;  Charlestown. 

Fig.    6.     Spxiifer  hj/i^cHi (544 

Brachial  view. 

Fig.    Ga.   Profile  view  of  the  same. 

Sellersburg  beds;  Charlestown. 

Fij;.    7.     Spirifer  srymmtum (^3 

ProliU'  view. 

Fig.    7a.   View  of  pedicle  valve  and  cardinal  area. 
Scllernlmrg  beds;   Watson. 

Ki^.     8.     Spirifrr  daviM (539 

Hracliial  view. 

Fig.     8a.   Pidlilc  view. 

Jcrt'er.-oiiville  liinestoiie;  Charlestown. 

Fig.     9.      Di'lthi/ri.-  nirir<n*t(i gQC) 

Brachial  valve. 

w^'ellersbur^  beds ;  Charlestown. 

Fig.  10.     Spirifrr  fhiorfenariu." 547 

Pedicle  valve. 

Si'llersbiir^  bed« ;  Charlestown. 
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Fig.  1.     Spirifer  vianni 542 

Front  profile  view. 

Fig.  la.     Cardinal  view  of  the  same. 

Jeflersonville  limestone;  Flails  of  the  Ohio. 

Fig.  2.     Delth/nti  Kculptilis 50g 

Pedicle  valve. 

Sellertiburg  beds;  CharleiitowD. 

Fig.  8.     Spin/er  fjregariiu* 63U 

Brachial  valve  and  cardinal  area. 

Fig.  4.     Spirifer  grcgariuH  var.  greeni  n.  var 537 

Brachial  view. 

Fig.  4a.     Cardinal  view  of  the  same. 

Jefferson ville  limestone;  Falls  of  the  Ohio. 

Fig.  o.     Rrticiilaria  irabashemtis  n.  sp 553 

Brachial  view. 

Fig.  5a.     Cardinal  view  of  the  same. 

Fig.  5b.     Front  profile  view. 

Jeflerson ville  limestone;  Bunker  Hill. 

Fig.  <).     PcTUaijonia  unixNlcafa glQ 

Brachial  view. 

Fig.  6a.     Pedicle  valve  of  the  same. 

Fig.  6b.     Cardinal  view  of  another  indivi<lual. 

Fig.  6c.      View  of  one  of  the  brachial  cones. 

Fi»j.  Gd.      Interior  view  f-howin«j  the  articulation  of  valves  partially  opened 
and  having  the  margins  broken  away. 
Sellerhburg  beds;  Charlestown. 

Fig".  7.      Amhix'iilui    nnthonn(<i 5g0 

Brachial  view. 

Fig.  7a.     Cardinal  view  of  the  same. 

Sellersburg  be<ls;  Lonibville,  Ky. 
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Fig.     1.     Centronelia  glawfagea •.• 631 

Brachial   valve. 

Fig.    la.  Pedicle  valve  of  the  same. 

Fig.    lb.  Interior  of  pedicle  valve. 

Sellersburg  beds ;  Charlestown. 

Fig.    2.      Vihtlina  pusiulom 632 

Pedicle  valve. 

Fig.    2a.  Brachial  valve. 

Fig.    2b.  Interior  of  same. 

Sellersburg  beds ;  Charlestown. 

Fig.    3.     Marlinia  9uhumhona 627 

Brachial  view. 

Fig.    3a.  Profile  view  of  the  same. 

Sellersburg  beds;  Little  Rock  Creek,  Cass  County. 

Fig.    4.     Parazyga  hirsuta 594 

Brachial  valve. 

Fig.    4a.  Pedicle  valve. 

Sellersburg  beds ;  Charlestown. 

Fig.    5.     Martinia  wiliiamsi  n.  sp 627 

Brachial  valve. 

Fig.    6a.  Pedicle  valve  of  the  same. 

Fig.    5b.  Cardinal  view  of  the  same. 

Jefferson vi lie  limestone;  Hope. 

Fig.     6.     Athifi'is  sp{rif<'roide!< 596 

Brachial  view. 

^fellersburg  beds;   Charlestown. 

Fig.    7.     NucUoiipirn  concinna 628 

Brachial  view. 

Sellersburg  beds;  Charlestown. 

Fig.     8.     Cr>jp(oit(iU(^  ovalis 659 

Brachial  view. 

Fig.    Ha.   Pedicle  valve. 

.Ten'ersonville  limestone;  Falls  of  the  Ohio. 

Fig.    9.      Cri/pfoui'/la  leiii< 658 

Brachial  view. 

Jefl'ersonville  limestone;  Pipe  Creek  Falls. 

Fig.  1 0.      Terrhratula  jurunda 660 

Brachial  view. 

Fig.  10a.     Cardinal  view  of  another  individual. 

Jeffersonville  limestone;  Bunker  Hill. 
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Fig.    1.     Eunella  sullivanti 656 

Pedicle  view. 

Jefiereonville  limestone;  Bunker  Hill. 

Fig.    2.     Eunella  harmonia 657 

Brachial  valve. 

Sellersburg  beds ;  Charlestown. 

Fig.    3.     EuneUa  linekhfni 658 

Brachial  view. 

Fig.    3a.     Profile  view  of  the  same. 

Jefiersonville  limestone ;  Pipe  Creek  Falls. 

Fig.    4.     Crarnena  romingeri 660 

Pedicle  valve. 

Fig.    4a.     Profile  view  of  same. 

Jefferson ville  limestone;  Bunker  Hill. 

Fig.    6.     Camarospira  exicharis 661 

Brachial  view. 

Jeffersonville  limestone  ;  Falls  of  the  Ohio. 

Fig.    t).     MeristeUa  barrisi 655 

Pedicle  valve. 

JefTersonville  limestone;  Falls  of  the  Ohio. 

Fig.    7.     MerUulla  nasuta 664 

Pedicle  valve. 

Jeffersonville  limestone;  Falls  of  the  Ohio. 

Fig.    8.      Pterinoperfen  refleius 666 

Left  valve. 

Jeffersonville  limestone;  Pipe  Creek  Falls. 

Fig.     9.     Pterinopecten  nvdosus 666 

A  portion  of  left  valve. 

.leHersonville  limestone;  Pipe  Creek  Falls. 

Fig.  10.     Avicu/opecten  princepf< 662 

Left  valve  of  crushed  specimen. 

Jetfersonville  limestone;  Keysport,  Cass  County. 

Fig.  1 1 .      Ai'icnloperfrn  ef<icn(us 662 

Left  valve. 

.Jell'ersonvilie  limestone;  Pipe  Creek  Falls. 

Fig.  12.      Aviciilopecien  (Pterinopecten)  terminaUs 663 

Left  valve. 

.leflersonville  limestone;  Pipe  Creek  Falls. 

Fig.  13.     Ariculopeden  ( Pterinopecten)  terminaUs 663 

Left  valve. 

Jeffersonville  limestone;  Bunker  Hill. 
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Fig.  1 .     Avieiilopecten  (Pterinopectenf)  iaminaU^ 663 

Left  valve. 

Jefferson ville  limestone;  Pipe  Creek  Falls. 

Fig.  2.     Aetinopteria  hoydi 667 

Left  valve. 

Jeffersonville  limestone;  Pipe  Creek  Falls. 

Fig.  3.     Leptodesma  rogersi 671 

Left  valve,  with  wing  broken  away. 

Fig.  3a.  Left  valve  of  another  individual. 

Fig.  3b.  View  of  a  nearly  perfect  left  valve. 

Jeffersonville  limestone  ;  Pipe  Creek  Falls. 

Fig.  4.     Qlypiodesma  oceidentale 669 

View  of  wax  cast  of  exterior  impression  of  left  valve. 
Jeffersonville  limestone;  Newborn. 

Fig.  0.     Ghjpfodesma  occideniate 669 

View  of  a  natural  cast  of  the  interior  of  left  valve. 
Jeffersonville  limestone;  Jefferson  County. 

Fig.  0.     Limoplera  canceUota 664 

View  of  a  portion  of  a  left  valve. 
Sellersburg  beds;  ^\'atson. 
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Fig.    1.     Glypiodesma  occidentale 669 

Natural  cast  of  the  interior  of  the  left  valve  showing  muscalar 

scar  and  pallial  line. 
Jefiersonville  limestone ;  Newbern. 

Fig.    2.     Nueuln  lamellata 679 

Left  valve ;  drawing  from  wax  cast. 
Jefifersonville  limestone;  Burnsville. 

Fig.    3.     Nucuia  hanovereiisis  n.  sp 676 

View  of  a  natural  cast  of  the  interior  showing  muscular  scars 

and  hinge  teeth. 
Jefferson ville  limestone;  Jefferson  County. 

Fig.    4.     Nucuia  neda 678 

Right  valve. 

Sellersburg  beds;  Charlestown. 

Fig.    6.     Nucuia  corbuliformin 677 

Bight  valve. 
-  Sellersburg  beds  ;  Charlestown. 

Fig    6.     Nucuia  niolica 678 

I^ft  valve  exfoliated. 
Sellersburg  beds;  Charlestown. 

Fig.     7.     Nurula  Tiiotira 678 

Right  valve. 

Sellersburg  beds;  Ch.irlestown. 

Fig.    8.     Modioinorpha  alia 682 

Left  vjilve  with  a  crania  attached. 
Sellersburg  beds;  Watson. 

Fig.    0.      Mofliomorphd  nffini.^ 681 

Right  valve. 

Sellersburg  beds;  Clarke  County. 

Fig.  10.      MtKUoinarphn  mnrentrica 68(i 

I^'ft  valve  with  rrauin  sp.  attached. 
Sellersburg  beds  ;  Watson. 

Fig.  1 1 .      yffdiomorplin  conreiifrica 680 

Left  valve  with  anterior  portion  exfoliated. 
Sellersburg  be<ls  ;  Charlestown. 
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Fig.    1.     Paraeyclaa  ohioensis 675 

Fig.    la.  Cardinal  view  of  the  same. 

Fig.    lb.  Left  valve  of  another  individual. 
Sellersburg  beds;  Charlestown. 

Fig.     2.     Ptychodesma  knappianuvi 671 

Left  valve. 

Fig.    2a.  Cardinal  view  of  the  same. 

Fig.    2b.  Ijeli  valve  of  another  individual. 

Fig.    2c.  Interior  of  anterior  end  of  left  valve,  showing  hinge  teeth. 
Sellersburg  beds ;  Charlestown. 

Fig.    3.     Grammysia  stibarcuata 684 

View  of  a  part  of  right  valve. 
Sellersburg  beds ;  Charlestown. 

Fig.    4.     Conocardium  cuneus  var.  trigonale 687 

Right  valve. 

Jefiersonville  limestone;  Bunker  Hill. 

Fig.    5.     Conocardium  cuneua  var.  trigonode 687 

Right  valve. 

Jeffersonville  limestone  ;  Falls  of  the  Ohio. 

Fig.    6.     Conocardium  ohioe.n»e 686 

Right  valve. 

.[efforBonville  limestone  ;  Falls  of  the  Ohio. 

Fig.    7.     Conocardium  ohiotnse 686 

Posterior  view. 

Jetl'ersonville  limestone;  Falls  of  the  Ohio. 

Fig.     8.      Ctipricanlinia  Indmta 685 

Left  valve. 

Fig.     8:i.   Right  valve  of  another  individual. 

JeffersonviHe  limestone  ;  Hunker  Hill. 

Fig.     !>.     Srhi-jxhts  contractus 672 

Natural  cast  of  interior  of  right  valve  showing  muscular  scars. 
JeffersonviHe  limestone ;  Newbern. 

Fig.  1 0.      Piiracjiclas  lirata 673 

Left  valve. 

Sellersburg  beds ;  Charlestown. 
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Fig.    1.     Sotemya  {Janeia)  vetusta 690 

Left  valve. 

Fig.    la.     Cardinal  view  of  the  same. 

Fig.    lb.     Posterior  portion  of  right  valve. 
Sellersburg  beds ;  Charlestown. 

Fig.    2.     ClinopUlha  subnasuta 688 

Left  valve.  • 

Sellersburg  beds;  Watson. 

Fig.    3.     Clinopisiha  antiqua 689 

View  showing  part  of  a  left  valve. 
Sellersburg  beds;  Charlestown. 

Fig.    4.     Ooniophora  hamiltonentis 684 

View  of  a  natural  cast  of  a  right  valve. 
Jefiersonville  limestone ;  Newbem. 

Fig.    6.     Goniophora  hamiltojiensis 684 

View  of  a  cast  of  an  imperfect  left  valve. 
Sellersburg  beds;  Newbern. 

Fig.    6.     Sanguinolite^  sanduskiensU 683 

Natural  cast  of  left  valve  showing  muscular  scar. 
Jefferson vi lie  limestone;  Newbern,  Shelby  County. 

Fig.    6a.     Right  valve. 

Jefferson  vi  lie    limestone;    Manley   lime  kiln,    Bartholomew 
County. 

Fig.    7.     MurchUon in  np 

Internal  cast. 

"Corniferous  limestone;"  Cliarlestown. 

Fig.    8.      Murchii<(mia  desiderata 705 

Showing  a  portion  of  the  last  whorl. 
Jefferson  vi  lie  limestone;  Falls  of  the  Ohio. 

Fig.    9.      Trochonemn  meekanum 713 

.Jefferson ville  limestone;  Newbern. 

Fig.  10.     Natiropsi.^  «/; 706 

Specimen  with  npper  part  of  spire  broken  away. 
Jefferson  ville  limestone;   Bunker  Hill. 

Fig.  1 1 .     Capulus  ca.s.s'enx/s  n.  sp 719 

Side  view. 

.Jefferson ville  limestone;  Pipe  Creek  Falls. 

Fig.  12.      Lnxmunna  hydraidica 702 

Sellersburg  beds;  Lexington. 
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Fig.  1.     Platyceraa  dumoaum 722 

Jeffersonville  limestone ;  Falls  of  the  Ohio. 

Fig.  2.     Platyeeras  duvwsum  var.  pileum  n.  var 723 

Jefiersonville  limestone ;  Falls  of  the  Ohio. 

Fig.  3.     Platyeeras  m\dli»pino8um 723 

JefTersonville  limestone ;  Falls  of  the  Ohio. 

Fig.  4.     F^atycei'as  dumosum  var.  rariitpinum 723 

Sellersburg  beds;  Charlestown. 

Fig.  5.     Platyceras  ridum  var.  spinosa  n.  var 729 

Side  view. 

Fig.  5a.  View  of  another  specimen. 

Fig.  5b.  Posterior  view  of  type  specimen. 

Fig.  oc.    Lateral  view  of  a  partially  exfoliated  individual. 
Sellersburg  beds ;  Charlestown." 

Fig.  6.     Platyceras  blufrh/ci/i  n.  sp 733 

Lateral  view  of  type  specimen. 

JeflTersonville  limestone;   Little  Rock  (reek,  ('ass  County. 
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Fig.    1.     Olyptodetma  oceidentale 669 

Natural  cast  of  the  interior  of  the  left  valve  showing  mascalar 

scar  and  pallial  line. 
Jeffersonville  limestone ;  Newbern. 

Fig.    2.     Nueula  lametlata 679 

Left  valve;  drawing  from  wax  cast. 
Jeffersonville  limestone ;  Burnsville. 

Fig.    3.     Nutmla  hanoverensis  n.  sp 676 

View  of  a  natural  cast  of  the  interior  showing  muscular  scars 

and  hinge  teeth. 
Jeffersonville  limestone;  Jefferson  County. 

Fig.    4.     Nucida  neda 678 

Right  valve. 

Sellersburg  beds ;  Charlestown. 

Fig.    5.     Nueula  corbuliformU 677 

Right  valve. 
-  Sellersburg  beds  ;  Charlestown. 

Fig    6.     Nucnla  niotica 678 

I^ft  valve  exfoliated. 
Sellersburg  beds;  Charlestown. 

Fig.    7.     Nucnla  niotica 678 

Right  valve. 

Sellersburg  beds;  Charlestown. 

Fig.    8.     Modionwrpha  alta 682 

Left  valve  with  a  crania  attsiched. 
Sellersburg  beds;  Watson. 

Fig.    0.     Modioiiiorphd  nfjiui.^ 681 

Right  valve. 

Sellersburg  beds;  Clarke  County. 

Fig.  10.      Modioinorpha  concenfrica 680 

Left  valve  with  rraiiia  up.  attached. 
Sellersburg  beds ;  Watson. 

Fig.  1 1 .     Mediomorpha  concent rica 680 

Left  valve  with  anterior  portion  exfoliated. 
Sellersburg  beds  ;  Charlestown. 
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Fig.    1.     Paracycku  ohioensis 675 

Fig.    la.  Cardinal  view  of  the  same. 

Fig.    lb.  Left  valve  of  another  individual. 
Sellersburg  beds;  Charlestown. 

Fig.     2.     Plyehodesma  knappianum 67 1 

Left  valve. 

Fig.    2a.  Cardinal  view  of  the  same. 

Fig.    2b.   Left  valve  of  another  individual. 

Fig.    2c.  Interior  of  anterior  end  of  left  valve,  showing  hinge  teeth. 
Sellersburg  beds;  Charlestown. 

Fig.    3.     Grammysia  subarcuata 684 

View  of  a  part  of  right  valve. 
Sellersburg  beds ;  Charlestown. 

Fig.    4.     Conoeardium  cuneua  var.  trigonale 687 

Right  valve. 

Jefiersonville  limestone;  Bunker  Hill. 

Fig.    5.     Conoeardium  cuneus  var.  trigonale 687 

Right  valve. 

JefTersonville  limestone;  Falls  of  the  Ohio. 

Fig.    6.     Conoeardium  ohioense 686 

Right  valve. 

.JefTersonville  limestone  ;  Falls  of  the  Ohio. 

Fig.     7.      Conocardiiiin  olnotnse 686 

Posterior  view. 

Jefiersonville  limestone;  Falls  of  the  Ohio. 

Fig.     H.      Cifpricanlinia  Indcnta 685 

Left  valve. 

Fig.     8a.   Right  valve  of  another  individual. 

Jeffersonville  limestone  ;  Bunker  Hill. 

Fig.     i).      Srh\~jj<hi8  rontnicfus 672 

Natural  cast  of  interior  of  right  valve  showing  muscular  scars. 
JefTersonville  limestone;  Newbern. 

Fig.  1 0.      Piiracifclas  lirata 673 

Left  valve. 

Sellersburg  beds;  Charlestown. 
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Fig.    1.     Sdtmya  {Janeia)  velusta 690 

Left  valve. 

Fig.    la.     Cardinal  view  of  the  same. 

Fig.    lb.     Posterior  portion  of  right  valve. 
Sellersburg  beds;  Charlestown. 

Fig.    2.     Clinoputha  subnasuia 688 

Left  valve. 

Sellersburg  beds ;  Watson. 

Fig.    3.     Clmopistha  aniiqua 689 

View  showing  part  of  a  left  valve. 
Sellersburg  beds;  Charlestown. 

Fig.    4.     Ooniophora  hamUtonerma 684 

View  of  a  natural  cast  of  a  right  valve. 
Jeflfersonville  limestone ;  Newbem. 

Fig.    6.     Goniophora  hamiltoneTisis 684 

View  of  a  cast  of  an  imperfect  left  valve. 
Sellersburg  beds ;  Newbern. 

Fig.    6.     Sanguinolites  sanduskiensia ...     683 

Natural  cast  of  left  valve  showing  muscular  scar. 
Jeffersonville  limestone;  Newbern,  Shelby  County. 

Fig.    6a.     Right  valve. 

JefTersonville    limestone;    Manley   lime  kiln,    Bartholomew 
Comity. 

Fig.     7.     j^lurchisonin  sp 

Internal  oast. 

"Corniferous  limestone;"  Charlestown. 

Fig.     8.      yfurchisonia  dri<uierata 705 

iSliowing  a  portion  of  tlie  last  whorl. 
Jeffersonville  limestone;  Falls  of  the  Ohio. 

Fig.     9.      Trockonema  mee.kan xm 713 

Jeffersonville  limestone;  Newbern. 

Fig.  10.     Naticopsis  Kp 706 

8j)ecimen  witli  upper  [)art  of  spire  broken  away. 
Jeffersonville  limestone;   Bunker  Hill. 

Fig.  1 1 .     CapiiluH  cas-^ensis  n.  sp 719 

Side  view. 

Jeflersonville  limestone;  Pij)e  Creek  Falls. 

P^ig.  1*2.      Lo.iDjicma  hydranlicti 702 

Sellers})urg  beds ;  Lexington. 
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Fig.  1.     Plaiyeeras  dumoaum 722 

Jeffersonville  limestone ;  Falls  of  the  Ohio. 

Fig.  2.     Phtyceras  dumosum  var.  pileum  n.  var 723 

JeffersoDville  limestone ;  Falls  of  the  Ohio. 

Fig.  3.     Platyeeras  multispinosum 723 

Jellersonyille  limestone;  Falls  of  the  Ohio. 

Fig.  4.     Platyeeras  dumosum  var.  rari^inum 723 

Sellersburg  beds;  Charlestown. 

Fig.  5.     Platyeeras  rirlum  var.  apinosa  n.  var 729 

Side  view. 

Fig.  5a.  View  of  another  specimen. 

Fig.  5b.  Posterior  view  of  type  specimen. 

Fig.  5c.   Lateral  view  of  a  partially  exfoliated  individual. 
Sellersburg  beds;  Charlestown." 

Fig.  6.     Platyeeras  blatchhyi  n.  sp 733 

Lateral  view  of  type  specimen. 

Jeffersonville  limestone;   Little  Rock  (reek,  Cass  Countv. 
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Fig.  1 .     Platyreras  conicum 721 

Jeflersoiiville  limestone;  Falls  of  the  Ohio. 

Figs.  2-2a.      Platyceras  conicum 721 

Lateral  views  of  typical  specimens. 

Fig.  2b.     Top  view  of  specimen  with  semi-revolving  longitudinal  folds. 
Sellersburg  beds ;  Chariestown. 

Fig.  3.     Platyceras  lineare  n.  sp 734 

Dorsal  view  of  tyi)e  specimen. 

Fig.  3a.     View  of  aperture  of  the  same. 

Jeflersonville  limestone;  Falls  of  the  Ohio. 

Fig.  4.     Plulyceras  ap 725 

Sellersburg  beds;  Chariestown. 

Fig.  5.      Platyceras  carinatum 721 

Dorsal  view. 

"Corniferous  limestone;"  Chariestown. 

Fig.  G.      Plutj/ce.roii  carinatum 721 

Sellersburg  beds;  Chariestown. 

Fig.  7.      P/alyccras  carittatnju Z 721 

Dorsal  view. 

Fig.  7a.     Lateral  view  of  the  same. 

Sellersburg  beds;  Chariestown. 

Figs.  8-8a.     Platyceras  Me//.s 724 

Kij^iit  and  left  side  views  of  the  same  iudividual. 
Sellersburg  beds;  Ciiarlestowu. 

Fig.  \K      Platyceras  thcfis .' 724 

Sellersburg  beds;  Chariestown. 


25th  Ann.  Bep.  Ind.  Geol,  Surv 


DBTONUN  LTMBSTONBS. 


PLATE  XIX. 

Page. 

Figs.  1-la.     Plntyctraa  thetis 724 

Dorsal  and  side  views 'of  an  individual. 
Sellersburg  beds ;  Charlestown. 

Fig.  2.     Platyceras  compressum  var 730 

Lateral  view. 

Fig.  2a.   View  of  the  aperture  of  the  same. 
Sellersburg  beds;  Charlestown. 

Figs.  3-3a.     PlatyceroA  huceuUntum 725 

Dorsal  and  side  views  of  an  individual. 

Fig.  3b.  Lateral  view  of  another  specimen. 
Sellersburg  beds;  Charlettown. 

Fig.  4.     Platyceras  buecnkrUum 725 

Views  of  the  aperture. 

Fig.  4a.  Lateral  views  of  the  same. 

Fig.  5.     Platyceras  !<ubcirculare  n.  sp 734 

Lateral  view. 

Jeffersonville  limestone;  Falls  of  the  Ohio. 

Fig.  6.      P/atyccran  attennalinn 728 

Exfoliated  shell.     The  pustulose  surface  is  due  to  the  peculiar 

8tyle  of  silicification  of  the  shell. 
Sellersburg  beds;  Charlestown. 

Fig.  7.     l^latyceras  erectmu  * 728 

Sellersburg  beds;  Charlestown. 

Fig.  8.      P/afi/c.t:r(iA  sp 725 

Lateral  view  wiih  cephalon  of  a  trilobite  closing  ajjerture. 
.Jen'ersonviJle  limestone;  Charlestown. 

Figs.  9  Da.      P/dtifccras  iiKhnnensi.^ 727 

Dorsal  and  lateral  views  of  an  individual. 

Jcffergonville  limestone  ;  Little  Rock  Creek,  Cuss  County. 
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Fig.     1 .     PlntyoHoma  lineata 695 

View  showing  aperture. 
Sellersburg  beds;  Charleftown. 

Figs.  2-?a.     Platyostoma  lineata 695 

Views  of  two  individuals, 
Sellersburg  beds ;  Charlestown. 

Fig.     3.     Plalyoafoma  lineata 695 

View  of  a  large  individual. 

Jeflfersonville  limestone ;  Falls  of  the  Ohio. 

Fig.    4.     Platyoatoma  lineata  var.  caUosum 696 

View  of  the  aperture. 

Fig.    4a.     Top  view  of  the  same. 

Sellersburg  beds;  Charlestown. 

Figs.  5-5a.     Strophostylus  i^rians 697 

Two  views  of  an  individual. 
Sellersburg  beds;  Charlestown. 

Fig.    6.     Plafyostoma  pleuroloma 694 

Sellersburg  beds;  Charlestown. 

Fig.     7.     Phdyoatoma  lineata  t 695 

Cast  of  the  interior. 

.Jefl'ersonville  limestone;  Falls  of  the  Ohio. 

Fig.     8.     riafifostninn  sp 695 

Sellersburg  beds;  Charlestown. 

Fig.     tK      P/turotoiinn  ia  tuilcoinarc/iJiatn 710 

Sellerslmrg  beds;  Charlestown. 

Kig.   10.      Pliu'iofinnai  id  si(lcomar(/in(i(a  ! 710 

View  of  a  distorted  specimen. 
Seller.sl)urg  beds;  Charlestown. 

Fig.  1 1 .      Callonana  lirha^ 699 

Internal  cast. 

Jeffersonville  limestone;  .Jefferson  County. 
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Fig.     1-1  a.     BelUrophon  curvititieattu 693 

Dorsal  and  side  views  of  nn  imperfect  specimen. 

Fig.    2-2a.     Two  views  of  another  individual. 
Jeffersonville  limestone;  Hope. 

Fig.    3.     Bellerophon  sp 694 

View  showing  a  portion  of  the  lip  at  the  sides,  outer  part  of  lip 
being  broken  away. 

Fig.    4.     Bellerophon  leda 691 

**  Corniferous  "?  Clarke  County. 

Fig.    5.     Bellerophon  leda  . . . . , 691 

View  of  a  partially  exfoliated  specimen ;  the  fot-sil  i^hows  faint 
traces  of  revolving  striae  on  the  dorsal  band  not  indicated 
in  the  figure. 
Sellersburg  beds ;  Charlestown. 

Bellerophon  pefops 692 

Sellersburg  beds;  Charlestown. 

Bt'Uerophon  patidus 692 

A  cast  of  the  interior. 

Jeffersonville  limestone  ;  Jefferson  Countv. 

EuomphaliiH  eriguiis  n.  sp 718 

View  of  type,  showing  a  portion  of  spire  broken  away. 

Straporolltiif  cyclostomus 707 

Sellersburg  beds ;  Charlestown. 

Ciichmeina  crenulata 716 

View  of  a  partially  exfoliated  specimen. 
Jeffersonville  limestone;  Pipe  Creek  Falls. 

Fi^.  1 1 .      Cydoncina  crenufuta 7  | (5 

View  showing  revolving  and  transverse  striae. 
Jeffersonville  limestone;   Bunker  Hill. 


Fig. 

6. 

Fig. 

7. 

Fig. 

8. 

Fig. 

9. 

Fig. 
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Fig.  1.      Turbo  :<humarJi 708 

Top  view. 

Fig.  la.     Lateral  view  of  the  Bunie. 

Jeflersonville  limestone;  Falls  of  the  Ohio. 


2fllh  Ann.  Rep.  Ind.  Geol.  Rm 


DEVONIAS  L1ME8T0NBB. 


PLATE  XXIII. 

Page. 

Fig.  1.     CaUonema  eonus  n.  sp 69l> 

Type  epecimen. 

Fig.  la.     View  of  another  individual. 

Jeff'ersonville  limestone;  Hope. 

Fig.  2.     Macrocheilina  heht 704 

View  of  an  exfoliated  specimen. 
Jeffersonville  limestone;  Bunker  Hill. 

Fig.  3.     Aclisina  baimeiti  n   sp 717 

View  of  type  specimen  partially  exfoliated. 
.TeiTersonyille  limestone;  Bunker  Hill. 

Fig.  4.     Aclisina  bnrnetti  var.  elongnta  n.  var 717 

View  of  partially  exfoliated  specimen. 
Jeffersonville  limestone;  Keysport,  Cass  County. 

Fig.  5.     CaUonema  imitator 699 

View  of  specimen  with  surface  partially  hidden  by  limestone 

matrix. 
Jeffersonville  limestone;  Falls  of  the  Ohio. 

Fig.  0.      Colr'dus  fenvicinrfuin 73-") 

"Upper  llel(lerl)urg;"  (Sellersburg  beds?)  Charlestown. 

Fig,  7.     Coleofux  (tnuicincfiim 735 

View  of  a  partially  exfoliated  specimen. 
Sellersburg  beds;  Charlestown. 

Fig.  S.      Con nkirin  .<p 737 

An  eulargeiiient  sliowingthe  character  of  the  surface  markings. 
Sellersburg  beds  ;   Delphi. 

Fig.  '.>.      Tentacnlitt's  ncd/arijormiit 786 

View  of  an  exfoliated  specimen. 
Jetlersonville  iimc'^tone;  Burnsville. 
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Fig.  I .      Oyroceras  indianense  n.  sp 

View  of  type  spenimen  three- fourths  natural  size. 
Jefl'ersonville  limestone:  JefTerson  County. 
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Fig.  1.     Oyroceras  itKiianerue  n.  gp 73S 

Transverse  section  showing  siphuncie. 

Fig.  la.     Another  view  of  the  same  to  show  the  direction  of  the  septa  on  the 

side  and  periphery. 
Jeffersonviile  limestone;  Jefferson  County. 

Fig.  2.     Cyrtoreras  «/)    743 

Sellershurg  beds;  Lexington. 

Fig.  3.      Oomjphocfras  minum 740 

Sellershurg  beds  ;  Charlestown. 
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Fig.  1.     Cyrtocenin  erpiinsmn  n.  sp 745 

View  of  type  specimen. 

JeflVreonville  limesitone  ;  Bnoker  Hill. 
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Fig.  1 .      Cyroreras  janon 737 

About  two-thirds  natural  size. 
Jefiersony.il Ic  limestone;  Lexington. 
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PLATE  XXVIII. 


Fig.  1.      (ijfrocerai*  inrhifnn.< / 

AlK)Ut  four-tifths  natural  sizo. 
JeflersDiiville  limoRtone;  Falls  of  the  Ohio. 
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Fig.  1 .     Goniphoreras  9p 741 

About  eeven-eighlliB  natural  size. 
Jefiersonville  limestone;  Falls  of  the  Ohio. 
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PLATE  XXX. 

P*«e. 

Fig.     1.     ProetuB  crassimargiruiius 750 

An  imperfect  glabella  with  the  crust  mostly  exfoliated. 

Fig.    la.  Another  specimen  with  partially  exfoliated  test  showing  lateral 

f  arrows. 
Jeffersonville  limestone;  Pipe  Creek  Falls. 

Fig.    2.     Pfoetui  erammarginattts 750 

A  specimen  showing  a  part  of  the  cephalon  and  thorax. 
Sellersburg  beds;  Charlestown. 

Fig.    3.     DfUmanites  ( Chasmop^)  calypno 755 

An  imperfect  pygidiuni. 
Sellersburg  beds;  Charlebtown. 

Fig.    4.     Phacops  crittatn  var.  pipa 744 

A  pygidium. 

JefiersonTille  limestone;  Falls  of  the  Ohio. 

Fig.    5.      Proetus  craimmarginattui 750 

A  partially  exfoliated  pygidium. 
JefTersonville  limestone;  Charlestown. 

Fig.    6.     Proetus  crassimarginatus 750 

A  pygidium. 

Jeffersonville  limestone;  Pipe  Creek  Falls. 

Fig.    7.     Proetus  niacrocephalus 751 

A  pygidium. 

.Fetrersonville  limestone;  Bunker  Hill. 

Fig.     8.      Prot'tns  ehirus 761 

A  glabella. 

Jeffersonville  limcHtone;  Falls  of  the  Ohio. 

Fig.     9.      Proctun  clariu< 751 

A  pygidium  from  whicli  tlie  crust  has  been  nearly  all  removed, 

showing  lateral  proce8s. 
Sellersburg  bt*dp;  Lexington. 

Fig.  10.      Proetiis  foUirrpn 741> 

Lateral  view  of  a  cephalon. 

Kig.  10a.   Top  view  of  the  same. 

.Jeffersonville  limestone  ;  Pije  Creek  Falls. 

P'ig.  1 1 .      Proetun  tuncrocephaliis 751 

View  of  a  cephalon. 

Fig.  11a.   View  of  a  portion  of  another  and  larger  cephalon. 
Jeffersonville  limestone;  Pipe  Creek  Falls. 

Fig.  1 2.      Proituii  clarii8 751 

The  right  free  cheek. 

Jeffersonville  limestone;  Falls  of  the  Ohio. 
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Fig.  1. 
Fig.  la. 
Fig.  2. 

Fig.  2a. 
Fig.  H. 

Fig.  4. 

Fig.  5. 
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Phacops  carta 744 

View  of  an  extended  individual. 

An  enrolled  individual. 

Sellersburg  beds ;  Charlestown. 

Dalmanitea  anrhiops 755 

Pygidium. 

Jefferson vi lie  limeftone;  Falls  of  the  Ohio. 

View  of  pygidium  showing  grooved  pleuial  annulatioDs. 
Jeflersonville  limestone;  Charlestown. 

Dalmanitt's  hooihi  var.  caliiteles 754 

Pygidium. 

Little  Kock  Creek,  Cass  Countv. 

Daltnanite.-'  hoolhi  var,  callitelcA 754 

View  of  iiephalon  from  which  the  eyes  have  been  broken. 
.JeH'ersonville  limestone;  Little  Kock  Creek,  Cass  County. 

Jktluinnifes  ( Odt>ntoC€}>hahiK)  (n/crin 757 

Cephalon  having  the  frontal  denticulations  and  right  eye  par- 
tially destroyed. 
JeflV'rsonvillc  linjcstoric ;  Falls  of  the  Ohio. 

Lirh(i.<  sp 753 

View  of  a  part  (tl  tlu*  left  movahle  cheek. 
.Jellersonville  limestone;  Falls  of  the  Ohio. 
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Adams  Lake,  Lagrange  County 115 

Adamsboro,  Cass  County,  Marl  near 319 

Atwood  Lake,  Lagrange  County 118 

Barbee  Lakes,  Kosciusko  County 198 

Bass  Lake,  Starke  County 297 

Bass  Lake,  St.  Joseph  County 274 

Batrachinns  of  Maxinkuckee  Lake,  Marshall  County 259 

Winona  Lake,  Kosciusko  County 211 

Bear  Lake,  Noble  County 136 

Bloomingport,  Randolph  County,  Marl  near 320 

Blue  River  Lake,  Whitley  County 141 

Brighton,  Lagrange  County,  Marl  near 318 

Bristol,  Marl  Deposits  in  the  Vicinity  of 166 

Bruce's  Lake,  Fulton  County 229 

Cedar  Lake,  Lagrange  County 106 

Cedar  Lake,  Lake  County 315 

Cedar  Lake,  Steuben  County 67 

Cedar  Lake,  St.  Joseph  County 276 

Cedar  Lake,  Whitley  County 147,  157 

Cement,  Definition  of 1 

Natural  rock   1 

Portland 1 

Center  Lake,  Kosciusko  County 205 

Chain  Lake,  St  Joseph  County 274 

Clear  Lake,  Laporte  County 286 

Clear  Lake,  Steuben  County 64 

Clinton,  Vermillion  County,  Marl  near 320 

Cooley  Lake,  Elkhart  County 161 

Crooked  Lake,  Steuben  County 84 

Crooked  Lake,  Whitley  County 152 

Deer  Lake,  Noble  County 133 

Dewart  Lake,  Kosciusko  County 182 

Diamond  Lake.  Noi)le  County 130 

Eagle  I^ake,  Kosciusko  County 208 

Eagle  Lake,  Noble  County 131 
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Eagle  Lake,  Starke  County 

Elkhart  CouDty.  I-nkea  of 

Cooley  Lake 

Heatoii  Lake  

Indiana  Lake 

Simoiiton  Lake  

Fish  Ijike,  I<aKrant;e  County 

Fish  Lake.  Lnpartp  rounty 

Flah  Lake.  Steuben  (Miinty 

FIshefi  of  BflS8  Lake.  Starke  Omnty 

Blue  River  Luke,  Whitley  County 

Clear  and  Pine  Lakes.  Laporte  t'onnty 

Fish  I-ake,  Steuben  Ounty 

Loon  I-ake.  Whitley  County 

Miiniiou  Lake.  Fulton  County 

Ijike  Maxinkiickee,  MarHliall  Connty 

Round.  Cedar  and  Slirlner  I^akes.  Wbltley  County. 

Tippecanoe  I^ke.   KoseluHko  County 

Tlppeeaniip  Lake,  Xohle  Ciiuiily 

Turkey  ov  WaivnRee  Lake.  K<nM-lunko  County 

WelistiT  Lake.  KoHciiiHko  4'oinity 

Winona  I^ke,  Kubi'IiihKi)  Ciaiiity 

Foreat,  Cllntcm  County.  Miirl  near 

Kox  Lake,  Steuben  County , 

Fulton  County,  Lakes  of 

Hruee'K  Lake  

Mnnitou   Lake   

Mud  Ijtke  

riajre  and  Lime  Lakes.  Steul)eu  County 

(Ji-orire  Lake.  Steulien  Coiinly 

i;..ldeii  l.iike,  .sioiil -ininty 

<;.«.«<"  Lake,  St.  .Iok,.|i1i  Cuuij 

CoMlii-n  I'oriliind  Ci'iiutii  c.ini|>iiny 

Could.  I>r.  ViTiicin  F 

Crass  Laki>.  l.iiKnini;."  Cmnt.v 

Heiiloii  Lake.  Flkliart  c„aiity 

IllKli  Lake.  N.ilile  C-i>unly 

licit'  Lake.  Steuben  County 

Hi.lniaii.  Hu>.'li  II 

lI.mKlJturi  and  Moore  l..ikrs.  Marshall  Cunty 

Hudson   Lak.'.   Laporti-  C.iiinly   

lliilTiaan   Lak.>.  Kos.-insko  <-..uiily 

iK'Uiiiai    I.ak.>.   KIkharl    c,.inily 

hidlana   I'orlland  Conunil   Cnij-iiay   

.Tames  Lake,  Steul>eii  County 
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Kosciusko  County,  Lakes  of 1G7 

Barbee  Lakes   198 

Center  Lake 205 

Dewart  Lake 182 

Eagle  Lake   208 

Huffman  Lake   215 

Little  Eagle  Lake 203 

Milf ord  Lake 186 

Pike  Lake 20C 

Ridinger  Lake 201 

Silver  Lake  216 

Syracuse  Lake 179 

Tippecanoe  Lake 187 

Turkey  or  Wawasee  Lake 168 

Webster  Lake  195 

Winona  Lake 208 

Koontz  Lake,  Starke  County 293 

Lagrange  County,  liakes  of 101 

Adams  Lake   115 

Atwood  Lake 118 

*  Cedar  Lake  106 

Fish  Lake 110 

Grass  Lake 109 

Libey  Lake 108 

Long  Lake   113 

Nauvoo  Lake  118 

Olin  Lake  117 

Oliver  Lake  117 

Pretty  Lake 114 

Shipshewanna  Lake  102 

Turkey  Lake  110 

Twin  Lakes  104 

Witmer  Lake 118 

I^ake  County,  Lakes  of 315 

Cedar  Lake   315 

Lake  of  tlio  Woods,  Marshall  County 232 

Lakes  of  Northern  Indiana,  Channel 35 

(Masses  of 34 

Extinction  of 36 

Irregular  35 

Kettle-hole   34 

Paper  on  31 

Size  and  depth 39 

Laporte  ('ounty,  Lakes  and  Marl  Deposits  of 28.'^ 

( -lear  Lake 286 

Fish  Lake 290 

Hudson  Lake 284 

Pine  Lake 287 

Stone  Lake 289 
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Llbey  Lake,  Lagrange  County 1U8 

Lime  Lake,  Steuben  County 73 

Little  Eagle  Lake,  Kosciusko  County 203 

Long  Lakes,  Noble  County 125,  132 

Long  Lake,  Lagrange  County 113 

Loon  Lake,  Whitley  County 154 

Manitou  Lake,  Fulton  County 210 

Marengo,  Oolite  at 324 

Marl  Deposits,  Paper  on 31 

Marl,  Chemical  Analyses  of 320 

Dellnltl^n  of 40 

I>ei)osition  of 4;^ 

Minor  deiwsita  of 318 

Occnrrence  of  in  Indiana 41 

Origin  of 43 

Properties  of  40 

Relation  of  deposits  to  depth  of  water 48 

Uses  of  52 

Workable  deposits,  size  of 51 

Marl  Lake,  Noble  County 135 

Marshall  County,  Lakes  of 231 

Houghton  and  Moore  Lakes ^67 

Lake  of  the  Woods 232 

Maxinkuckee   233 

Twin  Lakes  265 

Maxinkuckee  Lake,  Marshall  ('ounty 233 

Milford  Lake,  Kosciusko  County 180 

Milltown.  Oolite  Deposit  near 322 

Mollusca  of  Bass  Lake,  Starke  County 304 

Manitou  Lake,  Fulton  County 223 

Maxinkuc  koe  Lake,  Marslmll  County 248 

Mud  Lakes.   Fulton  County 22t> 

Tippecanoe  Lake,  Kosciusko  County 189 

Turkey  l^akc,  Kosciusko  County 170 

Monolith  Portland  Cement  Company 30,  167 

Mud  Lake,   Fulton  County 225 

Nappanec.  Flkliart  ( 'ounty,  Marl  Deposit  near 318 

Nauvoo  Lake,  Lajrranjre  ( 'ounty 118 

Newberry.   S.   B..   quoted «,  12,  15,  22,  2i),  329 

N<>l)le  County,  Lakes  of 121 

lU^iiv   Lake    130 

Deer   Lake    133 

Diamond   Lake    130 

lOajLjle  Lake 131 

High   Lake   .137 

Long  Lakes  125.  132 

Marl    Lake    135 

B(mnd  Lake 125 
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Sand  Lake  134 

Skiuuer  Lake 129 

Steiubarger  Lake  127 

Sylvan  Lake 124 

Tamarack  Lake   122 

Tippecanoe  Lake   139 

W  aldron  Lake : 127 

Nortli  Judson,  Marl  Deposit  near 295 

Notre  Dame  Lakes,  St.  Joseph  County 272 

• 

Oliu  Lake,  Lagrange  County 117 

Oliver  Lake,  Lagrange  County 117 

Oolite  for  Portland  Cement 322 

Oolitic  Limestone  for  Portland  Cement 326 

Analysis  of 326 

Patton,  White  County,  Marl  ueai- 319 

Peru,  Miami  County,  Marl  near 319 

Pike  Lake,  Kosciusko  County 206 

Pine  Lake,  Laporte  County 287 

Plants  of  Bass  Lake,  Starke  County 299 

Cedar  I^ake,  St  Joseph  County 277 

Fish  Lake,   Steuben  County 100 

Manitou  Lake,  Fulton  County 221 

Maxinkuckee  Lake,  Marshall  County 241 

Round,  Cedar  and  Shrlner  Lakes,  Whitley  County 150 

Shipshewanna  I^ake,  Lagrange  County 103 

Pleasant  and  Long  I^kes.  Steuben  County 91 

Portland  ( Vniont,  l*aper  on 1 

Amount  imported 5 

Chemical  analyses  of 17 

Clays  used  in  manufacture  of 16 

Composition  of  11 

History  of 2 

Industry  in  Indiana 24 

At  South  Bend 24 

Industry  in  United  States 4 

Manufacture,  process  of 17 

Cost  of    8 

Price  of 8 

Production  of  in  the  United  States 5,  7 

Testing  of 19 

Uses  of  8 

Pretty  I^ake,  Lagrange  County 114 

Ridlnger  Lake,  Kosciusko  County 201 

Rochester,  Marl  Deposits  in  Vicinity  of 228 

Rome  City  Reservoir 124 

Round  Lake,  Starke  County 295 

Round  Lake,  Wliitley  County 145 

Rupel's  Lake,  St  Joseph  County 281 
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Sand  Lake,  Noble  County 134 

Scovell,  Dr.  J.  T 233 

Shallow  and  Deep  Lakes,  Steuben  County 75 

Shipshewanna  Lake,  Lagrange  County 102 

Shriner  Lake,  Whitley  County 148 

Silver  Lake,  Kosciusko  County 216 

Silver  Lake,  Steuben  County 94 

Simonton  Lake,  Elkhart  County 160 

Skinner  Lake,  Noble  County 129 

Snakes  of  Winona  Lake,  Kosciusko  County ! 212 

Sonsley's  Lake,  St.  Joseph  County 279 

South  Bend,  Portland  Cement  Industry  at 24 

Starke  County,  Lakes  and  Marl  Deposits  of 292 

Bass  Lake    297 

Eagle  Lake 294 

Koontz  Lake 293 

Hound  Lake 295 

Steinbarger  Lake,  Noble  County 127 

Steuben  County,  Lakes  and  Marl  Deposits  of 63 

Cedar  Lake   67 

Clear  Lake 64 

Crooked  Lake  84 

Fish  Lake 97 

Fox  Lake  90 

Gage  and  Lime  lakes 88 

George  Lake   68 

Golden  Lake   94 

Hog  Lake  70 

James  Lake 77 

Lime  Lake   73 

Map  of 63 

Pleasant  and  Long  lakes 91 

Sliallow  and  Deep  lakes 75 

Silver   Lake   94 

Turkey  Lake  Ill 

St.  Joseph  County,  Lakes  and  Marl  Deposits  of 271 

Bass   Lake    274 

Cedar  Lake   276 

Chain   Lake   274 

Goose  Lake 279 

Notre  Dame  lakes 272 

Rupel's  Lake 281 

Sonsley's  Lake   279 

Stone  liake,  Laporte  County 289 

Sylvan  Lake,  Noble  County 124 

Syracuse  Lake,  Kosciusko  County 179 

Syracuse  Portland  Cement  Company 28,  179 

Tamarack  Lake,  Noble  County 122 

Tippecanoe  Lake,  Kosciusko  County 187 
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Tippecanoe  Lake,  Noble  County 139 

Turkey  Lake,  Lagrange  County 110 

Turkey  Lake,  Kosciusko  County 168 

Turkey  Lake,  Steuben  County Ill 

Turtles  of  Bass  Lake,  Starke  County 313 

Manitou  Lake,  Fulton  County 222 

Maxinkuckee  Lake,  Marshall  County 258 

Tippecanoe  Lake,  Kosciusko  County 191 

Turkey  Lake,  Kosciusko  County 177 

Winona  Lake,  Kosciusko  County 214 

Twin  Lakes,  Lagrange  County 104 

Twin  Lakes,  Marshall  County 265 

Wabash  Portland  Cement  Company 27,  110 

Waldron  Lake,  Noble  County 127 

Wawasee  Lake,  Kosciusko  County 168 

Webster  Lake.  Kosciusko  County 195 

Wellsboro,  Laporte  County,  Marl  near 319 

Whitley  County,  Lakes  of 140 

Blue  River  Lake 141 

Cedar  Lake 147-157 

Crooked  Lake  152 

Loon  Lake  154 

Round  Lake  ! 145 

Shriner  Lake 148 

Winona  Lake,  Kosciusko  County 208 

Witmer  Lake,  Lagrange  County 118 

Wolcottville,  Indiana,  lakes  in  vicinity  of 118 
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Bartholomew  County,  sections  in 554 

Cement  Quarries 540 

Charlestown,  section  near 542 

Correlation  of  the  Devonian  areas 569 

Delphi,  sections  near 563 

Devonian  black  shale  fossils 571 

Kracliiopoda  571 

Cephalopoda 577 

(^rustacea 679 

Gastropoda 575 

Pelecypoda  674 

Devonian,  correlation  of  the  different  areas 569 

Fossils  and  stratigraphy  of  Indiana,  paper  on 529 

<J(H>jj:r«phical  distribution  of 531 

rahM)ntolopy  of 571 

Stratigraphy  and  nomenclature  of 532 

Soutlicrn  Indiana  area  of 532 

Devonian  limestone  fossils 579 

Rrachiopoda 579 

Athyris    596 

Atrypa 598 

( 'amarotooirhia 584 

( Mionetes 600 

Crania   • 580 

( Vyptonella    658 

Cyrtina 591 

DcltJiyris 608 

Kunella   656 

Martinia   627 

Meristella 654 

Pentamarella  612 

Productella 629 

Reticularla 651 

Rhipidomella  622 

Khynchonella 58^J 

Spirifer   (KKJ 

Stropheodonta 616 

Cephalopoda  737 

Cyrtoceras   743 
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Gyroceras '. 737 

Orthoceras   741 
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Dalmanites 753 

Phacops 744 

Proetus  745 

Gastropoda  601 

Aclisina  717 

Belleroplion   691 

Callonema 698 

Cyclonema  716 

Euomphalus  718 

Loxonema 701 

Macrocheilina   704 

Naticopsis 706 

Platyceras 719 

Platyostoma 694 
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Glyptodesma    669 

Goniophora 684 

Grammysia 683 

Modioinorpha '. 680 

Nucuhi   676 

Paracyclas  673 

Pteropecten    666 

Pterinea    668 

Pteropoda   735 

Tentaciilites  735 

Flat  Rock  sections 556 

Geneva  limestone 535 

Hanover,  section  near 545 

.Teffersonville  limestone   535 

Fveysport,  sections  near 567 

Lexington,  section  near  544 

Muscatatuck  and  Big  Creek  sections 545 
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New  Albany  shale 532 

New  Washington,  section  near 543 

North  Vernon,  section  near 549 

Ohio  Falls  section 537 

Oregon,  section  near 542 

Pendleton  area  558 

Section  near 559 

Pipe  Creek,  section  near 567 

Rock  Creek  and  Little  Rock  Creek 504 

Sand  Creek,  sections  near 552 

Sellersburg  beds 533 

Southern  Indiana  area 532 

Utica,  section  near 541 

Vernon,  section  near 549 

Wabash  area  561 

Sections  of  562 

Stratigraphy  of 561 

Waverly,  sections  near 566 

White  County,  sections  in 562 


GENERAL  INDEX. 


Accidents  in  mines  during  the  year  1900 468 

Fatal 473 

Minor  468 

Serious  471 

Acknowledgements  32,  527 

Adams  County,  oil  developments  in  1000 491 

Blue  Crooli  Township 491 
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Anticlines   482 
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Gas,  natural  (see  Natural  Gas). 
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Monroe  Township   501 

Van  Buren  Township 501 
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Machine  mines  in 422 
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New  mines  in 445 

Leach,  J.  C,  report  of 394 

Lexington,  Scott  County,  Hydraulic  limestone  near 357 

Loogootee,  Indiana,  oil  developments  near 519 

MacFadden,  C.  K.,  quoted 522 

Machine  mines,  list  of 421,  451 

Marion  Indiana,  oil  developments  near  in  1900 401,  499 

Martin  County,  hand  or  pick  mines  In 428 

Medarysville.  oil  developments  near  in  11)00 523 

Miami  County,  oil  developments  in  1900 504 

Erie  Township   504 

Mine  Bosses,  examination  of 455 

List  of  460 
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Miners,  wages  paid  to  in  1900 440 

Oil  inspected  480 

Mines,  abandoned  in  1900 450 

Changes  in  ownership  of 474 

Fatal  accidents  in 473 

Improvements  in   454 

Minor  accidents  In 4«8 

New  mines  opened  in  1899  and  1900 441 

Names  of  in  Indiana 421,  460,  464 

Number  of  persons  employed  inside  of 421 

Number  of  persons  employed  outside  of 421 

Reopened  in  1900. 449 

Report  of  State  Inspector  of 418 

Serious  accidents  In 471 

Small,  statistics  of 458 

Tons  of  coal  produced  in 421 

Natural  Ga.s,  anti-waste  law 400 

Compressing  stations  of 411 

Condition  of  wells  of 409 

Consumption  of  414,  415 

Duties  of  State  Supervisor  of 395 

Escape  from  wells 399 

Field  of  in  Indiana 407 

Inspection  of  wells  of 395 

Inspection  of  pipe  lines  of 396 

Laws  of  Indiana  relating  to 397 

Oil  developments  in  territory  of 399 

Origin  of 483 

Plugging  of  abandoned  wells  of 403 

Pressure  of  in  pipe  lines 404 

Report  of  State  Supervisor  of ;i94,  406 

Ro<*k  pressure  of  412 

Use  of  in  flambeau  lights 398 

Waste  of 414 

Natural  Gas  Wells   409 

Escape  of  gas  from 399 

Inspection  of  395 

Plugging  of  403 

Natural  Rock  Cement 1.  348 

Analyses  of  366 

Burning  of  371 

Capacity  and  equipment  of  mills  of 389 

Firms  connected  with  Industry  of 377 

Banner  mill  381 

Beach  mill  377 

Black  Diamond  mill 380 

Black  Diamond  River  mill 888 

Clark  County  mill 383 

Falls  City  mill 382 

Gheens  mill 878 
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Golden  Rule  mill 384 

Hausdale  mill  386 

Haymaker  mill 387 

Hoosier  mill   381 

Hulme  mill   388 

K.  &  I.  mill 386 

Ohio  Valley  mill 379 

Queen  City  mill 387 

Sable  &  Gilmore  mill 380 

Speed  mills   384 

Standard  mill 388 

United  States  mill 384 

Grinding  of   371 

Industry  of  in  Indiana 375 

Table  of  tests  of 375 

Testing   of    375 

Production  of  in  Indiana 376 

New  Albany  black  shale 340,  532 

Oil  Inspection,  list  of  deputy  State  Supervisors  of 477 

Report  of  State  Supervisor  of 477 

Oils,  crude  (see  Petroleum). 

Illuminating,  total  number  of  barrels  inspected 478 

Oolitic  Limestone,  industry  in  Indiana 390 

Occurrence  of  *i90 

I'aper  on  390 

Physical  cliaruct eristics   390 

Production  and  price  of 392 

Recent  developments  of 391 

Statistics  of  industry  of 393 

Parke  County,  luuid  or  pick  mines  in 425,  428 

Macliine  mines  in 422,  423 

Parker,  Indiana,  oil  developments  near  in  liKMj 509 

Pendleton  sandstone  347 

Perrj'  County,  liand  or  pick  mines  in 429 

Now  mines  in 446 

Peru,  oil  developments  near  in  IJHH) 504 

Petroleum,  Corniferous  rock,  paper  on 515 

Cost  of  operating?  a  lease 489 

Cost  of  a  producing  woii 488 

Industry  in  Indiana  in  1000 481 

Main  tiold  in  Indiana,  topograph.v  of 490 

( )rigin  of  482 

I»oois  of 484 

Salt  water  in  wells  of 487 

Statistics  of  Indiana  field  for  liHH) 511 

Surface  indications  of 485 

Surface  levels  of  wells,  necessity  for 485 

Trenton  rock,  paper  on 481 
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PhospLatic  pebbles  in  Sellersburg  limestone 342 

Pike  County,  hand  or  pick  mines  in 428 

Machine  mines  in 423 

New  mines  in 445 

Pipe  lines  for  natural  gas,  extensions  of 410 

Inspection  of  39G 

Pressure  maintained  in 404 

Pleistocene  terraces  near  Jeffersonville. 300 

Preghiclal  channel  303 

UU'li  Valley,  oil  developments  near  in  1900 505 

K<K*kf<>rd  (lOiiiatite  limestone 340 

Salaniand(M*8,  descriptions  of  two  new 759 

San  Pierre,  oil  developments  near 520 

Sellersburg  limestone  341 

Siebenthal,  C.  B.,  paper  by 331,  390 

Silver  Creek  Hydraulic  limestone,  analyses  of 306 

Composition  of  364 

Paleontology  of 339 

Paper  on    331,  345 

Quarrying  368 

River  region,  Clark  County 348 

Silver  Creek  region 350 

Stratigraphy 334,  339 

Texture  of   364 

.  Topography  of  the  region  of 359 

Sullivan  County,  hand  or  pick  mines  in 429 

Machine  mines  in 423 

New  mines  in 446 

Supervisor  of  Natural  Gas,  duties  of 395 

Report  of   394 

Synclines  482 

Terre  Haute  agreement 434 

Oil  developments  near 517 

Trenton  Rock,  petroleum,  paper  on 481 

Porous  i>ortionH  of 481 

Vanderburg  County,  hand  or  pick  mines  in 430 

Machine  mines  in 424 

Vermillion  County,  han<]  or  pick  mines  in 430 

New  mines  in 448 

Vigo  County,  hand  or  pick  mines  in 429 

Machine  mines  In 423 

New  mines  in 447 

Wabash  County,  oil  developments  in 505 

Warren,  Indiana,  oil  developments  near 490 
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Warrick  County,  hand  or  pick  mines  in 431 

Machine  mines  in 424 

New  mines  in , 449 

Wells  County,  oil  developments  in  1900 494 

Clioster  Township   495 

Jackson  Township  496 

Liberty  Township   495 

Nottingham  Township   494 

Wheatfield,  oil  developments  near  in  1900 625 

Zarlng,  W.  C,  report  of 477 
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